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FOREWORD

The study reported herein was performed by the U. §. Army Engineer
Waterwvays Experiment Station (WES) for the Office, Secretary of Defense
(0SD), Advanced Research Projects Agency (ARPA), and is a portion of one
task of the overall Mobility Environmental Research Study (MERS) sponsored
by OSD/ARRA for which the WES was the prime contractor and the U. S. Army
Materiel Command (AMC) was the service agent. The broad mission of Project
MERS was to determine the effects of the various features of the physical
environment on the performance of cross-country ground contact vehicles and
to provide therefrom data that can be used to improve both the design and
employment of -uch vehicles. A condition of the project was that the data
be interpretabl: in terms of vehicle requirem:nts for Southeast Asia. The
funds employed for this study were allocated to WES through AMC under ARPA
Order No. 400. Some funds for preparation and publication of this report
were provided by the Development Directorate, AMC, under Department of
the Army Project 1-V~O-25001-A-13l, Military Evaluation of Geographic
Aveas. The study was performed during the period June 1964 to November
1965 under tiue general guidance and supervision of the MERS Branch
of the WES, the staff element of WES responsible for the technical manage-
ment and direction of the MERS program.,

This appendix is one of seven to the report entitled An Analytical
Model for Predicting Cross-Country Vehicle Performance. These appendixes

are:
A. Instrumentation of Test Vehicles

B. Vehicle Performance in Lateral and Longitudinal Obstacles
(Vegetation)

Volume I: Lateral Obstacles
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Volume II: Longitudinal Obstacles
C. Vehicle Performance in Vertical Obstacles (Surface Geometry)

D. Performance of Amphibious Vehicles in the Water-Land Inter-
face (Hydrologic Geometry)

E. Quantification of the Screening Effects of Vegetation on
Driver's Vision and Vehicle Speed

F. Soil-Vehicle Relations on Soft Clay Soils (Surface
Composition)

G. Application of Analytical Model to United States and Thailaid
Terraias

The study was ronducted by personnel of the Area Evaluation Branch,
Mobility and Environmental (M&E) Division, under the general supervision of
Mr. W. J. Turnbull, Technical Assistant for Soils and Environmental Engi-
neering; Mr. W. G. Shockley, Chief of the MAE Division; Mr. 5. J. Knight,
Assistant Chief, M&E Division; Mr. A. A. Rula, Chief, MERS Branch;

Mr. Warren E. Grabau, Chief, Area Evaluation Branch; and Mr. Jack K. Stoll,
Chief, Field Test Section, who was in direct charge of all phases of the
study. Personnel of WES technical support elements provided major assis-
tance in the field test program. Data reduction and preparation of plates
and tables were accomplished by Messrs. W. T. Willis and V. J. Piazza under
the direction of Mr. D. D. Randolph who performed the major portion of the
data analysis. This report was written by Messrs. C. A. Blackmon and
Randolph.

Directors of the WES during this study and preparation of this report
were COL Alex G. Sutton, Jr., CE, and COL John R. Oswalt, Jr., CE. Tech-
nical Director was Mr. J. B. Tiffany.
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NOTATION

Clump diameter, in.
Stem diameter, in.
Maximum horizontal pushbar force, 1b

Average horizontal pushbar force required to fail trees in multiple

array, lb

Computed average horizontal pushbar force required to fail an array of

trees with no crown interference, 1b

Pushbar height, in.

Constant for each pushbar height

Unit fiber stress at the outside fiber of the section, psi
Work required to fail a bemboo clump, lb-ft

Work required to fail trees in multiple array, lb-ft

Work required to override trees in mvltiple array, lb-ft
Work required to fail a single standing tree, 1lb-ft

Work required to override a single standing tree, 1lb-ft
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this report can be converted to metric

units as follmmer-

Multiply

inches

feet

miles

pounds

pounds per square inch

inch-pound
foot-pounds

ton

By
2.54
0.3048
1.6093ui
0.45359237
0.070307

0.011521
0.138255
907.185

To Obtain

centimeters
meters
kilometers
kilograms

kilograms per square
centimeter

meter-kilograms
meter-kilograms
kilograms

.
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SUMMARY

A total of 372 tests were conducted with one tracked and one wheeled
vehicle at the NASA Marshall Space Flight Center, Miss., £glin Air Force
Rase, Fla., Pran Buri. Thailand, and Khon Kaen, Thailand. The generai pur-
pose of these tests was to obtain data relating characteristics of longi-
tudinal obstacles to vehicle performence in terms suitable for use in
developing that portion of the analy“ical model for cross-country perfor-
mance. The specific purposes were (a) to determine the maximum horizontal
force and total work required to override single standing trees of a range
of sizes at various speeds and pushbar heights and (b) to determine average
horizontal force and total work required to override trees in multiple
array. Empirical relations are presented to support the conclusions that
pushbar force required to fail trees singly and in multiple array, work
required tc fail trees singly and in multiple array, and work required to
override a single standing tree may be predicted from stem diameter(s).

A method is suggested for predicting work required to override trees in
multiple array. The results of the tree-felling tests in the Tunguska
meteorite area were confirmed, with a single exception noted, and dis-
cussed. It is recommended that additional testing be done in areas of
soft soil to determine the effect of soil strength on uprooting, and in
grass and brush areas to determine the effect of small vegetation on speed.

xi
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AN ANALYTICAL MODEL ¥OR PRED.CTING
CROSS -COUNTRY VEHICIE PERFORMANCE

APPENDIX B: VEHICLE PERFORMANCE IN LATERAL :
AND IONGITUDINAL OBSTACIES ( VEGETATION) 4

VOLUME II: 1ONGITUDINAL OBSTACLES .

PART I: INTRODUCTION

Background

1. The main text of this report describes the development of an ana-
lytical model for predicting the cross-country performance of a vehicle.

The model was based on an energy concept within the framework of classical

T @ st et e—: e 4t i

mechanics that requires causc-and-effect relations be established between
discrete terrain factors and vehicle response. This volume of Appendix B
deals with the effects of a single terrain factcr--longitudinal obstacles.
The term "obstacle" in general rcfers to all features of the terrain, ex-
cept soil, that are inhibitory to vehicle mobility. The obstacle-effects
spectrum on vehicle mobiliuy ranges from complete immobilization to minor
speed reduction. For the purpose of the overall study, obstacles were
categorized according to the direction of motion forced upon a vehicle
negotiating the obstacle, i.e. vertical, lateral, or longitudinal.

2. Vegetation, such as small trees, shrubs, bushes, grasses, etc.,
that a vehicle can override causes neither vertical nor lateral motion to
any marked degree but crcates a resisting force parallel to the longitudi- s
nal axis of the vehicle that acts to slow the rate of forward motion, hence
the nomen longitudinal obstacles.

3. Although very little information has been published on tree over-
ride, an empirical relation between felling moment of trees und stem diam-
eter has been published along with some interesting conclusions from tree-

felling tests in the Tunguska meteorite urea in Russia.

Purpose and Scope

L. This appendix describes the longitudinal obstacle tests conducted

Bl
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in the United States and in Thailand during the period August 196L-November
1665. The general purpose of these tests was to obtain data relating char-
acteristics of longitudinal obstacles to vehicle performance in terms suit-
able for use in developing that portion of the analytical model for cross-
country performance. The specific purposcs were (a) to determine the maxi-
mum horizontal force and total work required to override single standing
trees of a range of sizes at various speeds and pushbar heights and (b) to
determine average horizontal for-e and total work required to override
trees in multiple array.

5. Two types of tests were originally scheduled--single standing
tree overrice and multiple tree override. When it became apparent that
bamboo fit neither of these, a third type was added--bamboo clump override.

6. This investigation was limited to trees and bamboo in areas of
firm soil.
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PART II: TEST PROGRAM

Location and Description of Test Areas

NASA Marshall Space Flight Center

7. Single standing tree override tests and multiple tree override
tests were conducted at the NASA Marshall Space Flight Center, Hancock
County, Miss. (fig. Bl). The locations of the test sites are shown in
fig. B2. The test sites were level to gently sloping (less than 2 percent)

and free of surface irregularities; grass and some small bushes we.'e grow-

auuuuu--q-uhqn-naqtnhg-.

ing on the sites (fig. B3). Trees at the sites were coaiferous, hardwood,

il g

or coniferous and hardwood mixed, with stem diameters ranging from 0.3 to
13.5 in.* Soils in the NASA area were classified as ML, CL-ML, CL, SC-SM,
SM-SC, and SP-SM according to the Unified Soil Classification System (USCS).
Average cone index in the O- to 6-in. layer ranged from 80 to 533, and in
the 6- to 12-in. layer from 112 to 750.
Eglin Air Force Base

8. Single standing tree override tests and multiple tree override
tests were conducted at the Eglin Air Force Base test area, Fort Walton,
Fla. (fig. Bl). The locations of the test sites are shown in fig. B4. The -
test sites were level to gently sloping (less than 2 percent), were free of

surface irregularities except for an occasional stump hole, and supported
grats and abundant small understory plants. Trees at the sites were hard-
wood or hardwcod and coniferous mixed (fig. BS). The stem diameters ranged
from 1.0 to 13.0 in. The soils were classified as SM or SP-SM according to !
the USCS. Cone index in the O- to 6-in. layer ranged from 41 to 132 and in
the 6- to 12-in. layer from 60 to 199.
Pran Buri, Thailand

9. Bamboo clump override tests were conducted at the Pran Buri test

area (fig. B6). All the bamboo clump override tests were conducted at one
test site about 300 't square (fig. B7). The test erea was level and free
of surface irregularities (fig. B8). The stem diameter of the bamboo

* A table of factors for converting British units of measurement to metric
units is presented on page ix.
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Fig. B5. Eglin Air Force Base test area

ranged from 0.1 to 1.0 in., the clump diameter ranged from 3 to 40 in. at
the ground surface, and the number of siems per clump ranged from 10 to 55.
The soil was classified as SM in the 0- to 6-in. iayer and ML in the 6- to
12-in. layer according to the USCS. The average cone index in the 0- to
6-in. layer ranged from 95 to 174 and in the 6- to 12-in. layer from 112
to 178.
Khon Kaen, Thailand

10. Single standing tree override tests were conducted in the kKhon
Faen test area of Thailand (fig. B6). All the tests were conducted at one
site about 400 ft square (fig. B7). The test site was level to gently
sloping {less than 2 percent), was free of surface irregularities, and sup-
ported grass, small broadleaf understory plants, and Heing trees (fig. ).
The stem diameters ranged from 1.8 to 13.0 in. The soil was classified as
SM in the O- to 6-in. layer and as CL-ML in the 6- to 12-in. layer. The
cone index ranged from 121 to 209 in the O- to 6-in. layer and from 120 to )
289 in the 6- to 12-in. layer.
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Vehicles Used

11. Two venicles were used in these tests--an M37 3/k-%on cargo ;
truck and an M113 armored personnel carrier. Pertinent physical character-
istics of the vehicles are as follows: !
M37 3/4-ton cargo truck

Test weight, 1b 7350-T645 '

Tires {
Size 9:00-16 |
Ply 8

Ground clearance, in. 10.8

Engine
Type Gasoline
Brake horsepower 78

Transmission Manual, synchromesh

M113 armored personnel carrier (APC)

Test weight, 1b 19,515-23,896

Track
Contact length, in. 105
Width, in. 15
Shoe, in. 6

Contact pressure, psi 7.5 4

Bogies on ground, per side 5

Ground clearance, in. 16.1

Engine
Type Gasoline
Brake horsepower 215 .-

Transmission Hydraulic, single .,

stage multiphase

Photographs of the vehicles are included as figs. B10 and Bll.

12. No comparison of the tree-failing capabilities (tree failure is
defined in paragraph 32) of the two vehicles used in the investigation was
contemplated as the vehicles were considered only as instruments for test-
ing the vegetation. To this end, a heavy-duty pushbar was fabricated and
mounted on each vehicle. The pushbar height of the M37 wac fixed at 26 in.
(fig. Bl12); the pushbar height of the M113 could be adjusted in 6-in.

Bll




Fig. Bl0. M37 3/4-ton truck

Fig. Bll. Ml113 armored personnel carrier

increments between 20 and 56 in. (fig. B13). Both vehicles were equipped
with fairly elaborate measuring and recording systems.*

¥ This instrumentation is discussed in detail in "An Analytical Model for
Predicting Cross~Country Vebicle Performence; Appendix A: Instrumenta-
tion of Test Vehicles," by B. O. Benn and M. Keown, Technical Report No.

3-7R3, July 1967, U. S. Army Engineer Waterways Experiment Station, CE
Vicksburg, Miss.
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Fig. Bl2. Pushbar mounted on M37
3/k-ton truck

a. Pushbar at 32 in.

b. Pushbar at 56 in.

Fig. Bl3. Tushbar mounted on M113 armored personnel carrier
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Vegetation Tested

4 13. The vegetation tested consisted of coniferous ¢ind hardwood 3 .
trees, and bamboo grass. Each tree overridden was identified by common
name. The conifers included pine and cypress; the hardwoods included oak,
hawthorn, and the Heing trees of Thailand. Buamboo gracs was treated
separately in this investigation. !

B e

Types of Tests Conducted { é

14, Although the tests were basically alike in that they sought the
answer to the question "How much force and work are required to override a
tree or group of trees, and to what measured physical characteristic of the
tree can these “e related?"”, there were some differen:es in the obstacles
per se and the conduct of the tests. The types and number of tests in each
of the four areas are listed below. It can be seen that the major effort
was devoted to single standing tree override tests (333 tests in three

areas).
Single Standing Bamboo Clump Multiple Tree '
Iocation Tree QOverride Override Override Total
NASA 196 0 12 208
Eglin 78 0 3 81
Pran Buri 0 24 0 24
. Khon Kaen 59 0 0 59
Total 333 24 15 372

Sisgle standing tree override tests

15. Single standing tree override tests were, as the name implies,
conducted against one live standing tree with adjacent trees removed so
that the vehicle could approach the tree in a straight line and the tree
could fall without interference. These tests were conducted at speeds
ranging from 0.0 to 17.1 mph and at five pushbar heights ranging from 20 ‘
to 56 in.

B1h




Bamboo clump override tests

16. Bamboo clump override tests were conducted against single
clumps of bamboo carefully selected so that the vehicle could approach in a
straight line and the bamboo clump could fall without interference. These
tests were conducted with a single pushbar height (26 in.) and at speeds of
approximately 2 mph with the exception of two tests at higher speeds.
Multiple tree override tests

17. Multiple tree override tests were conducted against an array of
trees that permitted interference of the crowns as the trees were over-
ridden. An approach strip was cleared so that the vehicle could attain the

desired speed before entering the test site. These tests were conducted at
approximately 2 mph and at a single pushbar height (26 in.).

Test Procedures and Data Obtained

Single standing tree override tests
18. Procedures. The vehicle accelerated to the desired contact
speed at least 20 ft before striking the tree (fig. Bli). The driver

Fig. Blh. Pushbar striking tree in single standing
tree override test
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attempted to maintain this speed until the vehicle had completely over-
ridden the tree.

19. Data obtained. By means of electronic instrumentation installed
on the test vehicle, continuous measurements of horizontal pushbar force,
distance actually traveled, and time were made and recorded. In addition,
for some tests vertical pushbar force, drive line torque, Arive shaft
revolutions, and wheel or track rotational speed and longitudinal accel-

eration were measured and recorded. An example of an oscillogram record,
for test 343, ie shown in fig. Bl5. A summary of the data read directly
from the oscillogram, i.e. maximum horizontal pushbar force, maximum verti-
cal pushbar force, and maximm longitudinal acceleration, and the data com-
puted from the oscillogram, i.e. contact speed, work required to fail the
tree, work required to override tree, and maximum tractive force is given
in table Bl.
Bamboo clump override tests

20. Procedures. The vehicle
approached the clump at the desired

speed and the driver attempted to
maintain this speed until the vehi-
cle had overridden the clump

(rig. B16).

21. Data obtained. Instru-
mentation for the bamboo clump over-
ride tests was limited to only that
needed to determine maximum hori-
zontal pushbar force, work required

to fail the clump, vehicle speed,
and maximm longitudinal accelera-
tion. A summary of these data is
given in table B2,
Multiple tree override tests

22. Procedures. The vehi-
cle approached the test site at a

Fig. Bl6. Bamboo clump after being
speed of approximately 2 mph in its overridden

B17
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lowest gear and the driver attempted to maintairn this speed while proceed-

ing in as straight a line as possible through the test site overriding all
trees in the path of the vehicle (rig. B17).

Ple tree override test site after testing.

Fig. B18 illustrates a multi-

Fig. B17. Multiple tree
override test. Note
crown interference

Fig. B18. Multiple tree
override test site after
testing

B18
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23. Data obtained. The instrumentation on the vchicle measured and
recorded horizontal pushbar force, time, distance actually traveled, drive-
shaft revolvtions, longitudinal acceleration, and drive-line torque. A
sumnary of the data read or computed from the oscillogram is given in
table B3.

Vegetation Data Obtained

Single standing trees
2k. For convenience in conducting th: tests, ensuring that all nec-

essary data were secured, and collating the test data, vegetation data, and
80i]l data, each tree utilized in the single standing tree override tests
was given a specific number. For each test the vegetation data consisted

of the common name of tree, tree height, branching height, stem diameter at
L2 in, aboveground, crown diameter, and mode of failure, and observations
of unusual occurrences during the test. These data are given in table Bl.
Bamboo clumps

25. Bamboo did not fall in the category of either conifers or hard-
woods, and the tests were representative of neither single standing tree

override nor multiple tree override. Various vegetation data were obtained
during the course of the bamboo clump override investigation; however, only
number of stems, stem diameter, and clump diameter are included in this

report. These data are summarized in table B2. !
Trees in multiple array
26. Vegetation data obtained for the multiple tree override tests ‘

included common names of trees, height, stem diameter, structural cell*
diameter, and mean tree spacing. A planimetric map of each multiple tree

* The structural cell concept with its derivatives, mean tree spacing,
nearest neighbor distance, etc., has been explored with some intensity by
the U. S. Army Engineer Waterways Experiment Station. The concept is
described in "Quantitative Physiognomic Analysis of the Vegetation of the
Florida Everglades," by H. I. Mille, Contract Report No. 3-72, 1963,
U. S. Army Engineer Waterways Experiment Station, CE, Vicksburg, Miss.; .
Prepared by Marshall University, Huntington, W. Va.

B19
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override test site was Prepared; an example is shown in fig. Bl19. Immedi-
ately after each test the number of trees actually overriddea was deter-

mined. fThese data are sumarized in table B3.
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Soil Data Obtained

27. During this study the primary reasons for obtaining soil data
were to describe the test areas adequately and to ensure that there was no
radical change in soil strength or composition at a test site. The effect
of soil characteristics on the force required to bend or shear a tree stem
appeared nil to the experimenters (possibly because the soils in the test
area were firm), and while an effect of soil characteristics on the force
required to uproot a tree might be hypothesized, any investigation of such
effect was beyond the scope of this study. However, since soil strength
and composition are necessary to describe a test area, and for possible, if
indeed not probable, future use, the soil data discurszd in the following
paragraphs are included in this report.

Cone index

28. Cone indexes were measured at the surface and at 3-in. vertical
increments to a depth of 30 in. around the base of each tree used in the
single standing tree override tests, to a depth of 24 in. around the base

B20
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of each bamboo clump, and to a depth of 18 in. along the path of the ve- |
hicle in the multiple tree override tests. The average cone indexes for .
each 6-in. layer are shown in tables Bl, B2, and B3, respectively,
Moisture content

29. Average moisture content was determined for the O0- to 6-in.,
6- to 12-in., and 12- to 18-in. soil layers for the area around the base of
each tree used in the single standing tree override tests. A summary of !
these data is included in cable Bl. Moisture content was determined some-
what less frequently for the multiple tre» override tests (table B3) and
not at all for the bamboo clump override tests.
Soil samples

30. Samples for classification of tne soil according to the USCS
were obtained from the 0- to 6-in., 6- to 12-in., and 12- to 18-in. soil
layers around the base of each tree ussd in the single standing tree over- ’
ride tests, and from the 0- to 6-in. and 6- to 12-ip. s0il layers along the
path of the vehicle in the multiple tree override tests. A summary of
these data is shown in tables Bl and B3 » respectively. Because prior recon-

bamboo clump override tests were conducted, additional samples for labora-
tory analysis were not taken at the time of testing. As a matter of
record, the USCS soil type in the area of the bamboo clumps is shown below.

Uscs R
er Name
Lay Type —lame s
0- to 6-in. SM Silty sand il
6- to 12-in, MI Sandy silt
B21
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PART III: ANALYSIS OF DATA ,

J 31. The data collected in this test program are analyzed under four
headings: Single Standing Tree Override Tests, Bamboo Clump Override
Tests, Multiple Tree Override Tests, and Notes, Observations, and Other
Data Considered. The conditions and assumptions upon which the analysis 5
is based are described briefly in the following section.

[

e

Basis of Analysiq

s

32. From a study of the results of the single standing tree override
Y tests and a study of findings in other brograms it was determined that the
stem diameter was the tree characteristic that best correlated with the
vehicle-tree interaction measurements; hence, stem diameter was selected as
the independent variable to represent the tree in the analysis. It was
considered that tree.tailure had occurred when uprooting of the tree, shear
of stem, or deformation of the tree terminated the horizontal resistance to
’ the pushbar. Other special considerations peculiar tn a particular s:ction
of the analysis are discussed in the appropriate section.

Single Standing Tree Override Tests

Maximum horizontal pushbar force

33. Data from the tests of hardwoods and conifers it contact speeds
of less than 4 mph and at pushbar heights of 20, 26, 32 and 38, and 56 in.
are shown in plates Bl, B2, B3, and B4, respectively. The dashed lives in y
these plates were derived by treating the tree as a centilever beam. The

fiber-stress equation states that the resisting moment at any cross section
of a beam is equal to the unit stress (Sm) times the moment of inertia of
the cross section wiih respect to the neutral axis divided by the distance
from the neutral axis to the outermost fiber. 1In applying this equation to
a tree, the resisting moment is the product of the horizontal pushbar force ®
] and pushbar height (Fh . hp), the moment of inertia of a cross section of a «
tree stem is xds/Gh » and the distance from the neutral axis to the

B22
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; outermost fiber is ds/2 ; the equation can be written as f
xdh
Su B
. = m
F,och i (B1)
-2
2

34. The ultimate unit stress for most of the trees overridden was

approximately 7500 psi.* Substituting 7500 psi for the unit stress, the }
equation is reduced to

T et i S g B i -t .

(For 20-in. pushbar height) F, = 36.8a3 (B2) i
i
| (For 26-in. pushbar height) R, = 28. 3d3 (B3) ‘
(For 38-in. pushbar height) F, = l9.hdg (BY4)
(For 56-in. pushbar height) F, = 13.1a3 (B5)

In plates Bl-B4 note that although these are not lines of best fit, they do
agree with the data points quite well. Two reasons are suggested for the
variations:

a. The 7500-psi unit stress is only an approximate value.

b. The pushbar height is only an approximation of the length of
the moment arm. In more than 50 percent of the tests, the '
failure occurred in the roots. (See discussion of number .
and types of failures, paragraph 51.)

35. The solid lines in plates Bl-B4 represent the parallel lines of
visual best fit. The equations of these curves are

(For 20-in. pushbar height) Fh

Lt}

30.0d2 (B6)

(For 26-in. pushbar height) F 27.0d3 (B7)

* U. . Department of Agriculture, "Wood Handbook," June 1940, Forest
Products Laboratory, Washington, D. C.
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i

(For 32- and 38-in. pushlar heights) F 22.0d§

(For 56-in. pushbar height) k. 15.0d2 (B9)

It can be seen in plates Bl-Bl4 that these curves fit the data points
slightly better, but it is also apparent that the difference in the two
approaches is small.

36. Thus, within the range of conditions tested, on both a rational
and an empirical basis, it is apparent that the maximum horizontal pushbar
force required to fail a tree can be expressed as a function of stem diam-

eter by the following general equation

F, = Kdg (B10)
where K 1is a constant for each pushbar height.

37. Data from the tests of single standing trees at vehicle speeds
of 4 to 17 mph and pushbar heights of 20 and 38 in. are shown in plate B5.
Again, the empirical lines of best fit are shown as solid lines, and the
theoretical (slow speed) values for the two pushbar heights are shown by
the dashed lines. All but one of the data points fall above the respective
theoretical curves, indicating that dynamic factors influence the maximum
horizontal pushbar force-speed relation. It is conceivable that additional
tests might lead to a "dynamic correction factor" as a function of speed;
however, careful examination of the data collected in this program revealed
that while there were readily apparent differences between the forces re-
corded during the tests at less than 4 mph and those recorded at 4 to 17
mph, the tests within each group disclosed no discernible pattern. On this
basis it appears that predictions of the maximum horizontal force required
to fail a tree at speeds of 4 to 17 mph should be made using the empirical
curves.

Work required to fail
a single standing tree

38. The work required to fail a single standing tree (Wb) was com-
puted from the horizontal pushbar force and distance measurements recorded

B2k
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on the oscillogram ead was plotted against the stem diameter of the tree
overridden. The results of the tests nf coniferous trees in the United
States, hardwood trees in the United States, and hardwood trees in Thailand
are shown in plates BE, B7, and B8, respectively. Note that a single curve
appears to fit the date points on all three of these plots reasonably well.
It can be seen that fcr the range of tree sizes and varieties tested, the
work required to fail a single standing tree can be considered independent
of tree type or geographical location and can be expressed as a furctisn of
stem diameter by the equetion

_ 3 )
W = 56.0d° (B11)

Work required to over-
ride a single standing tree

39. While the mathematical computations for the total work performed
by the pushbar are precise and the relation established is clear, it must
be borne in mind that the work performed by the pushbar is only a part of
the total work performed by the vehicle. The pushbar, for instance, is
unaffected by the frictional drag of 'getation on the undercarriage of the
vehicle, and the vehicle obviously does at least a modicum of work in pro-
pelling itself, even in the absence ¢f vegetation. To this end, the param-
eter, "work required to override a single standing tree (wt)," was defined
as the total work done by the vehicle less that amount of work occasioned
by motion resistance due to factors other than the tree itself, i.e. slope,
soil, grass, etc. The value of this parameter was computed from the torque
and distance traces on the oscillogram. The average torque at a constant
speed in the approach lane was considered to be necessary to propel the
vehicle and was subtracted from the torque recorded while the vehicle was
overriding the tree. A plot of work required to override a single standing
tree versus stem diameter is shown in plate B9. There is somewhu«t more
scatter on this plot than is desired, but noting that tests from the United
States and Thailand, of hardwood and conifers, at speeds less than 4 mph
and from 4 to 12 mph are all incorporated, the scatter does not appear
excessive. The curve drawn through the data points is parallel to the

curve relating work required to fail a single standing tree to stem
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diameter, thus permitting the latter value to be converted into work re-
quired to override a single standing tree by applying a constant, as
follows

_ 3
W, = 100.0d; (B12)
W, = 1.786wp (B13)

Distance required to
fail a single standing tree

L0. A1l atterpts to relate vehicle travel distance required to fail
a single standing tree with tree characteristics, force measurements, or

pushbar heights were unsuccessful. A summary of the distances the vehicles
traveled to fail trees with the pushbar at heigh:s of 20, 26, and 32 in. is
given in table Bh. fFrom the table it can be seen that with a 20-in.-high
pushbar the distance required to fauil a single standing tree ranged from
2.1 to 9.4 ft, and the average distance was 5.67 ft; with a 26-in.-high
pushbar the distances ranged from 3.5 to 8.2 £t and the average distance
was 5.71 f't; and with a 32-in.-high pushbar the distances ranged from 3.0
to 8.7 £t and the average distance was 5.93 ft. The small increas: in
average distance as the pushbar heigh’ was increased from 20 to 32 in. is
Judged to be insignificant. Since the height of the bumper or leading edge
of nearly all military vehicles falls within the 20- to 32-in. range, the
average distance required to fall a tree with a military vehicle is
considered to be the average of all tests or about 5.8 rt.

Bamboo Override Tests

1. Although a bamboo clump might appear, superficially at least, to
be either a special case of a single standing tree or a multiple array of
small trees, the test results were not corpatible with those of either
category. Plots of maximum horizontal pushbai force and pushhar work
versus stem diameter, number of stems, clump diameter, and various combina-
tions were studied to determine which feature of the bamboo clump would
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give the best correlations. It was found that the plots with clump diam-
eter as the independent variable Yielded the least scatter; this is not
unreasonable when it is considered that in all tests the bamboo clumps
failed by uprooting, ac previously illustrated (fig. B16, page B17).

42. The M37 truck became immobilized in four of the 2L bamboo over-
ride tests. In each of these four tests, the bamboo clump was actually
failed, but when the vehicle attempted to completely override the clump at
a slow speed, the front wheels of the vehicle were lifted clear of the
ground and there was insufficient traction for the rear wheels to furnish
the necessary forward thrust. Ir other tests, considerable wheel slip
occurred as the vehicle was overriding the tree, resulting in torque meas-
urements that were not amenable to analysis, hence the analysis is limited
to maximum horizontal pushbar force required to fail a bambno clump and
work required to fail a bamboo clump as functions of clump diameter. The
relations obtained are discussed in the following paragraphs.

Maximum horizontal pushbar force

43. A plot of the maximum horizontal pushbar force (F ) required to
fail a bamboo clump versus clump diameter is given in Plate B10. The data
from the four tests in which immobilization occurred are shown by closed
symbols and are bel!=ved to be valid -oints on this plot since the immobi-
lizations occurred after the pushbar hac failed the clump. The curve drawn
represents the line of vi:ual best fi. without reference to the data point
from test 246. Notably, this test was conducted at the lowest speed and
the bamboo clump overridden had the fewest stems of any in the program.

This seems to point out that factors other than clump diameter, i.e. number
of stems, speed of impact, and stem diameter, may si gnificantly affect the
maximum horizontal pushbar force. However, for the tests conducted, the
equation of the curve in plate B10

2.1
F, = 2.1d > (B1Y4)

represents a reasonable approximation of the force required to fail a

bamboo clump.

Ba7
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Work required to fail a bamboo clump

L., As pPreviously stated, the attempts to secure torque measurements
during the bamboo clump override tests were not remunerative; hence, the
work required to override a bamboo clump could not be determined from the
available data. Nevertheless, the intermediate valuz, work required to
fail a bamboo clump (Wb),wus studied and a plot of these values versus
clump diemeter is shown in pPlate Bll. The data from the tests resulting in

immobilizations are shown by closed symbols and are held to be valid points.

The curve drawn is the line of b st visual fit, again without reference to
test 246. The scatter of the data is less than that on the plot of hori-
zontal pushbar force versus clump diameter, suggesting that work required

to fail the clump is less affected by speed than is horizontal pushbar
force. The equation of the curve in plate Bl.

wb = 3.h1dc' (B15)

provides an acceptable method of predicting the work required to fail a
bamboo clump within the range of sizes tested.

Multiple Tree Override Tests

k5, Obviously it takes more effort to override trees spaced closely

together than when each tree can fall free of interference by its neighbors.

The increase is due principally to the interference of crowns as shown in

fig. B18, pege B18. The study of this increase was the principal purpose
of the multiple tree override tests.
Average horizontal pushbar force

k6. A plot of average measured horizontal pushbar force required to
fail trees in multiple array (Fm) versus the average horizontal pushbar
force that would have been required to fail the same combination of trees
severally (Fs) as computed from the relations established in the single
standing tree override tests is shown in plate B12. A sample computation
of average pushbar force required for test 12 is shown as follows.
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Distance Tree

Stim Diameter

Work Required to Fail

£t No. (ds)’ in. Tree (Wp), 1b-ft
25 85 5.7 10,371
86 3.5 2,401
103 3.1 1,668
104 5.9 11,501
105 3.6 2,613
108 6.1 12,711
109 4.2 4,149

Fo= 228 a0y

8 25

It can be seen in plate Bl2 that the average force requirement for trees in

Total U541k

multiple array was significantly greater than that required to fail the

trees severally, even when the latter was as low as 136 1b. It can also be

seen that the increase in average force required becomes greater as the

computed average force required to fail the trees separa.ely increases.

The scatter of data appears well within the limit of exferimental error

and the equation given in this plot

F = 0.66FL:127 (B16)
m S

appears to adequately define the average horizontal force demand of trees

in multiple array within the limits encountered in this test program.

Work required to fail
trees in multiple array

47. A plot of measured work required to fail trees in multiple array

(Wm) versus the summation of the work required to fail the same combination

of trees severally as computed from relations developed in single standing

tree override tests is shown in plate Bl13.

In this plot it can be seen

that the total measured work required to fail tiees in multiple array was

significantly greater than the total work required to fail the same combina-

tion of trees severally, and that the increase in work required by trees in

multiple array became greater as the computed work crequired increased.

329
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Again, the scatter of data appears quite reasonable and the equation given
in this plate

Wo=0.6 [lfm(wp)]l‘o88 (B17)

satisfactorily expresses the relation between work required to Tail trees
in multiple array and the summation of the work required to fail the same
combination of trees individually.

48. Since the work required to fail a single standing tree (wp in
the equation above) has been shown to be a function of the stem diameter,
combining equation Bll and equation Bl7 gives

1.088
_ z 3
W = 0.6 [l—m( 56ds)] (B18)

thus expressing work required to fail trees in multiple array as an expo-
nential function of the stem diameters.

Work required to override
trees in multiple array

49. The work required to override trees in multiple array is, of

course, greater than the work required to fail trees in multiple array for
the same reasons that applied to single standing trees. Regrettably, the
available data do not permit an empirical evaluation of the work required
to override trees in multiple array. Torque meters were not available
until late in the test program. Therefore, torque measurements were ob-
tained only for tests 455, 453, and 459. However, because of wheel slip
during the test and errors made in calibrations, the torque measurements
were not reliable. Nevertheless, it is possible to make some inferences
from the relations established herein.

50. It has been shown that the work required to override a single
standing tree expressed as a function of the stem diameter (equation B12)
is linearly related to the work required to fail a single staading tree ex-
pressed as a function of the stem diameter (equation Bll), and may be
equally as well expressed as a constant times the work required to fail a
single standing tree (equation Bl3). In the absence of data indicating
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otherwise, it appears that the same constant might be used to relate work
required to fail trees in multiple array to work required to override trees }’
in multiple array (Wb); then

W= 1.786W_ (B19)
and substituting in equation Bl8 and reducing ;
1.088
. 5 3
wo a l'07[1—-m (56ds)] L

S

Notes, Observations, and Other Data Considered

Tree failure modes

51. Illustrated in fig. B20 are the five tree failure modes ex-
hibited in the override tests: type 1, in which the stem failed in com-
pression; type 2, in which the stem failed in tension; type 3, in which the
roots failed in tension and the soil in shear; type L, in which the roots
failed in tension without Pronounced failure of the soil; and type 5, in
which the stem deformed elastically. Types 1, 2, and 5 indicate thet the

root-soil system was stronger than the stem. Types 3 and U4 indicate that

i S S——,

the stem was stronger than the root-soil system. The number of failures of
each type is given in the following tabulation:

No. of p

Type Failures b
O No failure indicated 11 ,:
1 Compression (stem) 10 ;
2 Tension (stem) 37
3 Shear (soil) and tension (root) 215
L Tension (root) 12
5 Elastic (stem) L1

There was no apparent indication that the type of faiiure, per se, signifi-
cantly affected the test results.

B+l




a. Type 1, compression ( stem)

c. Type 3, tension (root)
and shear (soil)

e. Type 5, elastic (stem)

b. Type 2, tension (stem)

d. Type 4, tension (root)

Fig. B20. Tree failure modes




Effect of soil conditions

52. Within the range of soil conditions encountered in this progr a,
the effects of the soil type, soil strength, or moisture content could not
be isolated. While it is believed that the method of analysis, i.e. push-
bar force and torque minus motion resistance, satisfactorily eliminated or
compensated for soil conditions insofar as the vehicle was concerned, there
remains the fact that 215 single standing tree override tests, as shown in
the preceding tabulation, resulted in soil shear and all of the bamboo
clump override tests resu’ted in soil shear. It is axiomatic that soil
shear strength varies inversely with moisture content, and it would be
reasonable to expect the soil condition to have a significant effect on
force required to fail or override a tree vhen the failure occurred in the
soil. For instance, the tabulation in the following paregraph indicates a
considerable difference in felling moments in dry and moist soils in the
Tunguska Meteorite Area; however, as previously stated, the test areas used
in the program reported herein were chosen to minimize the effect of soil
strength on the vehicle, i.e. no significant rutting. It might be reasoned
that wher the soil is sufficiently strong, an increase in strength does not
result in a significant increase in vehicle performance; then the increase
in resistance to uprooting a tree would also be insignificant. This is,
however, beyond the scope of this test program.

Data from other sources

53. In a report of the preliminary results from the 1961 combined

Tunguska Meteorite Expedition, Florenskii* described a series of tests in

which the felling moment of trees was determined by means of a winch and a
dynamometer. Results of these tests yielded the following conclusions:
(a) there is no relation between felling moment and species and age of a
tree, (b) there is a distinct relation between moment and tree diameter,
analytically nicely described by a parabola, (c) the parabolas are com-
pletely identical for fine and rocky soils, (d) the scatter of the data
diminishes in inverse proportion to the diameter of the tree, (e) the
felling moments of trees in dry soils are significantly greater than the

* K. P. Florenskii, "Preliminary Results from the 1961 Combined Tunguska
Meteorite Expedition," Meteoritica, Vol XXIII, Moscow, 1963.
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4 felling moments of trees in moist, riverside soils. Fach of the first
four conclusions was verified by single tree override tests conducted in
the United States and in Thailand. Florenskii's fifth conclusion could 1

neither be confirmed nor denied; however, the magnitude of variation he
reported is interesting and is summarized in the following tabulation.

Tree Average Felling Moment , 1lb-ft ¥ f
Diameter Moist Dry Percent :

in. _Soil Soil Increase 1

5.9 9,100 8,000 57 E ] f

7.9 10,800 16,600 5 ' i

9.8 20,200 26,700 37 i

11.8 30,400 39,800 31




PART IV: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

54L. Based on the analysis of the data reported herein, and subject
to the limits imposed by these data, the following conclusions are offered:

a. The maximum horizontal pushbar force required to fail a
single standing tree may be predicted from the stem diam-
eter, vehicle speed, and pushbar height ( paragraphs 33-36).

b. The work required to fail a single standing tree may be
predicted from the stem diameter (paragraph 38).

c. The work required to override a single standing tree may be
predicted from the stem diameter ( paragraph 39).

d. The average horizontal pushbar force required to fail trees
in multiple array may be predicted from the stem diameter
(paragraph 46).

e. The work required to feil trees in multiple array may be
predicted from the stem diameter ( paragraphs L7-48).

f. The maximum horizontal pushbar force required to fail a

bamboo clump may be predicted from clump diameter (paragraph
43).

g. The work reguired to fail a bamboo clump may be predicted
from stem diameter (paragraph 4i4).

Recommendations

55. It is recommended that:

a. Additional single standing tree override tests be conducted
in areas of low soil strength to determine the effect, if
any, of soil strength on the force required to uproot a
tree.

jo

Additional multiple tree override tests be performed to
extend “hc relat:uns already developed and to develop
empirically the relaticu of work required to override trees
in multiple array and stem diameters.

o

Both single vegetation stem override tests and multiple
vegetation stem override tests be conducted in areas of
grass and brush to develop override-speed relaticns,

Additioral bamboo override tests be performed in cther areas
with a vehicle capable of completely overriding the bamboo
clumps.

(f=
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Su of Data and Test kesults of Single Tree Overrlde Tests Performed in
- Tokrer
Tree Brancha Stem Max um Maximme  Height Speed Max imus
Type ing Tree Crown Diameter Work Requlred work Required Maximus Hori: tal Vertical Above- at Longltuiinal
Test Test Tree ommon  Helght  Height Diamecer &< ln. Above- w Fall to Overrlde  Tractive Push. r  Pushbar groun! Contact Accelerstion
Vehicle ZSite Na® %o, Test Date N Nage ) 1t ft 1 ground, in.  Tree, lb-ft Iree, lb-ft  Force)1b Porce,1b  Force,lb  in. mph g Mode of
Boftwood Trees, United States
¥7 RASA-D 25  Aug 1964 & Plne 7 ] 1.2 141 L3 Lad T . 26 0.0 o Elsstlc (s
M RASA-C 2 Aig 14 2 Pline g 1 178 v Cf 57 L 26 0.0 . Elsstlc (s
L MASAD 28 Aug lgok & Pine i1 1.6 98 O CO a8 . 26 0.0 e Eiastic (s
M -7 39 May 1%6% T Plne 7 1k 5 1.7 kLT 731 1,317 237 L2 26 1.5 0.0 Elestic (s
M RASA-C 1 Aug 1ok 1 Plne - 1 L 1.8 3 o bl 155 .o 26 0.0 . Elsstlc (»
M7 E-T Les My 1964 6C Plne 1 L. 7 1.8 473 703 1,686 226 e 2 1.4 0.0 Elastlc (s
M3 MASA-D 2k Aug 196k bk Pine 1 13 . 2. 281 Lad el 231 [ 2 0.0 .. Elsstic (»
M37 E-7 438 May A Tk Pine 7 i 2. 637 1,378 1,451 02 o % 1.8 0.1 Elastic (s
M7 RASA-O 26  Aug 1968 4O Pine é 1 2.2 400 A Cl 208 L] 26 0.0 »e Tension (=
M37 RASA-D 19  Aug 1964 &S >1ne 1 13 (] 2.3 e (O 166 L 26 0.0 Lad Elastic (s
M7 B-7 423 May 1964 59 Pine 0.5 16 10 25 1,053 1 617 1,928 5% e 26 1.5 0.08 Elasti- (»
M37 E.7 832 May 196k 62 Pine 14 18 4 2.6 990 1,39% 1,490 505 - 26 19 0.09 Elastlc (s
M3T c 6 Aug 196k € Pine 1 0 6 2.7 1,623 o (4 655 (2 26 00 Lo Compresaion
M7 RASA-D 20 Aug 19 3B Pine 7 15 S 2.7 877 L34 Lad 511 o 26 0.0 e Elastic (s
w37 RASA-C 15 Aug 1964 16 Plne S W 8 3.0 1,260 CJ A 615 " 26 0.0 e Elastlc (s
M7 E-7 b2 My 1964 58 Pine 0.3 20 8 3.0 1,368 1,831 1,912 826 o 26 1.5 0.0% Elastlc (s
M37 .7 B3l May 1968 67 Pine 15 25 4 3.0 1,720 2,177 2,.2h 939 “e b 1.5 0.09 Tenslon (s
M3T RASA-D 22 Aug 196k 1 Plne 6 i3 T 3.2 1,535 A Lad 620 - 26 0.0 Lo Elestlc (s
M3 RASA-D 2T  Aug 195k k1 Pine 6 22 6 3.4 2.5uh L . 1,249 . 26 0.0 - Tenslon (at4
» -7 U35 my 166 69 Plne u 21 10 3.4 1,676 1,907 2,083 1,183 . 2 1.8 0.12 ;ﬁ:oi"(’“
M 2.7 442 May 190k T8 Pine T 35 10 3.4 2,657 4,648 2,h21 1,456 L 26 1.7 0.11 Tenalon (s
M7 RASA-C 9  Aug 1eRk 9 Pine 23 k™ s 3.5 2,5k Lad e 1,k72 L 26 0.0 L3 Tension (s
M7 NASASC 16 Aug 1964 18 Pine 6 13 10 3.5 1,615 - - 889 Lol 26 0.0 e Elastic (s
M37 E-7 b2h ey 1964 59 Plne 1 22 10 3.5 1,876 2,047 2,179 988 o8] 26 1.5 0.12 Elsstlc (s
ki MASA-C 17 Aug 1964 15  Ppire 8 19 10 3.6 2,607 L L 1,219 o 26 0.0 o Tension (s
ui7 MASA-C 13 Aug 1964 13 Pine 6 24 9 3.9 2,850 . - 1,163 e 2% 0.0 o %ﬁm‘l';"
u37 E-T 437 May 1964 T3 Pine (3 . 5 3.9 3,096 3,918 2,285 1,302 Ll 26 1.7 0.30 Elestic (w
Shear (soll
M37 RASA-C T Aug 1966 T Pine o 3 » k.0 2,257 " " 1,43 L 26 0.0 L Tenalon (
Ml13 KASA-B 8 NMov 196k &6  Pine . a3 12 4.0 t - . 1,500 23 56 0.¢ . Tenslon (
MIL}  RASA<B 9 Nov 1964 4T Pine 16 w = 80 t - - 1,150 s 56 0.0 . Siéer, (sol )
Tenslon (
M37 RASA -C 5 Aug 1964 5 Pine 18 38 10 b1 3.290 . » 1,93 " 2 0.0 s ?;:::o:"(’”
MiT RASA-C 12 Aug 1968 12 Pine T 23 9 bl 1,2 e e 1,471 (2 26 0.0 (2] Tension (&
Mi13 MASA-E %% Mov 1964 125  Pin. 20 35 i bl t L [ 2,00 940 8 0.0 . Tenslon (s
K7 ET K27 Kay 1964 62 Plne 2 1 15 L1 3,392 5,700 1,316 1,780 - % 16 0.32 153:::05‘-?11
M3 MASA-C 61  MNov 96k 268 Pl 10 2 10 b1 t . - 2,650 900 3 5.7 0.10 Tenston (
M1} MASAD 3% Nov 1964 Bk Pine .28 6 vz 4,800 o o 2,550 % 22 00 v Tt il
M3 RASA-A 3 Bov 196k 55 Cypress 8 18 6 §.2 t . - 820 270 56 0.0 oo Tenslon (a
M3 MASA-C 63 Nov 196k 65  Pine 8 20 15 I ' - v 370 150 0B 1.0 1 T
MI13  NASA-A 126 Nov 196k 159  Pine 20 50 10 V.2 ' - . 2,200 750 B 5.0 0.20 ,i‘::;of"?”
M1 o Shear (sol
3 RASA-T 21 Nov 196k 3 Pine 8 21 10 4.3 7,600 - - 3,175 940 20 0.0 el Tenalon (
M3 RASA-E 25 Nov 1964 82  Pine 8 23 9 b3 6,800 L] Lo 3,525 1,880 20 0.0 . Compresalon
M37 E-7T 426 May 1964 61 Pine 3 0 16 43 5,270 6,528 b, 962 2,889 L) 2 1.8 0.28 Elartlc (
M1} RASAM 13 Bov 1964 165 Pine 25 85 15 L3 ' . - 310 LB B 22 oo Thear (sor
. Shear (sol
M3 WASAG 93 Mov 196k 12k Pine 3 35 7 9 t v o 2,100 680 » 0.0 o Tenslon (
M7 -7 435 My 1964 71 Pine 2 » 5 L 3,952 4,70, 3,752 2,655 . ) 2L 0-29 :::fo-(l'?l
M3T RASA-C 8 Aug 196 8 Pine 17 39 8 b5 11,277 . Ty 8,633 - Y 9.0 e Compresslon
M37 RASA-C 11 Aug 196k I Plne 12 28 10 5 v,078 " " 2,072 el 2 0.0 b Tenslon (#
M113 MASA-C 6k Nov 196k 66 Pine 7 20 9 'RA t " e 4,050 1,320 B 10.3 " Compresslon
W13 MASAA A7 Rov 1964 39 pine 18 n 10 W ' . o 2,7 1,00 B 00 - boadli
(Continued)

* See descriptior of test arees sad test sites.
** Mo messuresent mede.
t Total work not recorded.

tt Instrumentation fslled.
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Teble Bl
e Tree Override Tests Performed in United States and Thailand

USCs
Speed Max imum Average Cone Index Sull Clasaification Moisture Content
at Longitudinal Tt & to !“ "To 18- to %= o B- to b b0 - t¢ BT Bic - !w'

Contact Acceleration etn. 12.in. 1B-in. 2bein. 0ein. 6€etn. 12-fn. Befn. botn. 1oein. 1Botn.
=ph £ Mode of Failure layer layer  layer layer layer layer layer lLayer layer leyer layer RBewarks
0od Trees, United States
0.0 o Elastic (stem) L0  6x0 650 700 750 ML CL- CL 118 2.9
0.0 L Zlastic (stem) 202 1% 1% 282 L34 ML ML CL 9.2 15 16.6
0.0 v Elsstic (atam) 200 220 300 W0 LY IR =ML CL 3 179 .8.1 ;
1.5 0.0 Klastic (etem) 8 112 18 O 295 ™ gP- SR 7. Th I
0.0 »e Elastic (stem) 201 202 1% Frod 3% . ML cL 15.9 14
1.k 0.0 Elastic (stem) 95 118 104 98 102 Y] SF-SM  SPeSM 38 s 2 :
0.0 v Elastic (sten) 30 T20 750 TS0 150w CLea €L a5 BA 210 by
1.8 0.1 Elastic {(atem) 89 112 148 241 295 ™ EP- BP-& T 1.1 7.5 W
0.0 . Tension (atem) 200 260 2% 220 560 ML cL-M. CL 25.6 .0 W I
.0 e Elaatic (stem) 2k0 33 280 380 520 ML CL-ML CL 17.6 15.0 k.9
1.5 0.08 Elastic (steam) 9% 108 78 95 91 M SP-SM  SP-2M 3.8 L 4.8
19 0.09 Elastic (stem) 126 197 192 167 149 M SP-SM  8P-M 77 T.1 T.% 4
0.0 L2 Cowpression (-iem) 370 70 482 521 575 ML ML cL 1.9 15.8 16.9 Stew broke & in. sbove ground surfac:
0.0 (2 Elastic (stem) 10 150 240 3% 00 ML CL.ML CL .2 236 25.2
0.0 L Elastic (atem) 161 195 159 132 1.7 ML ML cL 28.3 19, 21.1
1.5 0.06 Elaatic (stem) 104 107 83 89 106 SM SP-SM BPSM 3.8 . 4.8
1.5 0.09 Tension (stem) 102 118 139 180 250 SM Sl-5M BP-8M T 1. T4
0.0 e Elastic (stem) 160 120 130 180 260 ML Cl=ML CL 5.5 ¢ 0.9
0.0 e Tenaion (stem) 160 190 280 370 %30 ML ClL-ML CL 23.9  20.c 19.6
. Shear (soil)
1.8 0.12 Tenston (root) 2k g7 192 167 19 oM Sp.gM SR 7.7 71 T4
1.7 0.11 Tension (stes) 98 126 145 243 97 o] SP.gM  SP8M o I U T4
0.0 - Tenston (atem) 1% 17k 184 261 352 ML ML cL 2.0 18.3 19.1 Stem appeared infected 8 in. above ground surface
0.0 i Elastic (stem) 185 226 18 157 130 ML ML cL 9.5 19. N
1.5 0.12 Elastic (stes) 132 199 197 167 197 ™ Sp.oM  3P-8M 3.6 s L8
0.0 . Tension (stem) 206 241 182 150 1715 W W cL 3.6 19.6  19.6 ‘
Shear (sotl) R 5TNE
w8 S Tenston (root) 1 1% 2 A3 ¥ w ow Ol 335 210 206
1.7 0.30 Elsstic (atem) 101 137 170 729 279 ™ SP.SM  SP-8M 7.7 11 7.8
Shear (sotl) 1
0.0 L4 Tenston (root) 1% 1o 164 172 281 M " cL 2.2 2.1  21.0
0.0 [ Tenston (root) 188 303 02 e e SC-M ML cL 5.4 6.8 6.8
0.0 . x:;or(xu():g,t) 253 376 351 v e SC-9M ML cL 5.4 6.8 6.8 Taproot failed ¢« in. beiow ground surface
0.0 v ?e:::ofl-?:‘l,lt) Ok 418 Wl 389 ¥35 M M cL 18.7 16.1 16.9 Fatire crown was not overridden due to short Geparture lane
0.0 e Tension (stem) 165 180 166 210 376 ML ML cL 8.6 20.0 21.: ;
0.0 .. Tension (atem) 217 290 b ] - ML ML cL 15.2  1le.1 13.5 3Small portion of astew wea infected -
Shear (soll) - b 4
1.6 0.3 Tenaton (root) 83 90 82 9 [SUBEEE: 1 SP.SM  SP-5M 3.8 8
5.7 0.10 Tenston (root) Jou 380 370 o . Cl-ML CL-ML CL w2 162 175 J
Shear (s0il) = 1 3 -
0.0 e e Ten i ) 282 L2k Sk . . ML cL cL 9.6 8.7 11.1 Taproot failed 18 in, below ground surfa.e
0.0 e Tersion (stem) 80 119 127 . . o CL-M, CL 8.8 21.3 1.6 Tree appeared to be infected
Shear (s011) Po 6.2
7.0 1t Tenston, (root) 160 196 182 e CL-ML Cl-ML CL 22 162 17.5
. &hear (soll) . 8 .3 18.
5.0 0.20 feneion (root) 2% 300 313 .. . ML Cl-M1, CL 17 17 T
0.0 . ';'-:::;ov('.“()gc)n) 176 270 294 . .. M. ML cL 1.8 10.6 11.7 Taproot 44 not rupture
0.0 Lo Compression (stem) 230 250 2% v . M ML cL 2l.e 152 15.6
1.8 0.28 Elastic (stem) 110 109 89 90 89 SP-M  SP-B 3.8 L. LE
2.0 . Shear (s011) LML 17.8 17, 18.7
! 9:%o Tension (root) 290 519 sk e Lo L 7 7.3
0.0 e x:of."():;)n) 245 320 297 v . ML ML cL 15.0  le.l 13.5 Taproot failed 15 in, beiow ground surface
1k ) fhear (sotl) J oy . 7.1 R
0.29 Terston (rost) n 149 207 AT M Sp-gM  BF-sM  T.7 7
0.0 .. Compression (stem; 206 35 393 k26 861 ML ML cL 23.0  49.3 20 Complete crown was not overridder 4ue to short departure lane
0.0 Lo Tersion (stem) 165 179 163 183 215 ML ML cL 6.9 143 143
10.3 tt Cumpreasion (stem) 256 280 b o . CL-ML Ci-ML CL 2.2 16.2 17.5
0. Shear (soil) . - 17.8  1i7.% 18.7
o “ Feraton (roct) 168 212 26 L3 . o cr-M.  CL 1
(Continued)
(1 of B sbeets)
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Table & {Continued)

Pushiar
Tree Aranche Stez Ciam- Poax {sus Moz {aue l!:\‘m Speed Moz i mus
TyYpe 1og Tree Crown eter « in. dorr Required Work Fzquired Maaims  Norizontsl Vertical Atove- at Longitudinal
Test Test Tree ‘ommer. Neight  Beight Diameter Atcves to Fall to Override Treactive Pushtar Pusiitar  grouni Contact Accelsration
Vehicle Z2ite No. ¥o. Test Date No. Nam: ft ft 1 grosnd, 1o Tree, 1toft Tree, 1b-ft  Porce 1t Porce,lb  Porce it  |n. sph % Wode of
Suftwoud Trees, United Stetes (Contlnued)
M113 NASA-A 5%  Rov 196k 95 Pine 20 (e 10 8.6 t Lad .o 2,050 1,020 B 0.0 e Teneion (i
M3 MASA-A 53 Mov 196k R Pine 20 3 15 [N * = Lo A,050 1,50 ¥ 6.4 tt Teneion (i
MWl3 RASA-C 72 Rov 196k 103 Pine 10 20 12 b6 t = id s, - B 12.7 bad KElsstic (i
MI13  NASA-A 132 Rov 196k 163  Pine 20 ¥ 10 3 ' o o 3,800 1,160 ® 133 0.40 Shear (sof
¥ Teasion (1
M123  WASA-A 5T Moy 196k 96 Plne 13 ¥ 15 %7 ' o o 2,400 610 B 0.0 o Boear (s0
Tension (1
i1l RASA-A b2 Nov 196k 88 Ploe 25 9 7 87 t L] - 3,290 1,000 » 2.4 0.10 Sear (oo
' Tension (1
W33 NASA-E B2 Nov 196k 113 Pine 12 28 10 L1 ' - - 3,100 600 ) DY " Suear (s0
Tension (1
M1113 NASA-A 12k Mov 196k 155 Pine 25 33 5 .7 t Lo Lad Lad 2] »B 10.8 0.10 Teneion (
M7 RASA-C 16 Aug 190k 1k Pine 9 23 9 4.8 &,816 bad Lo 2,029 * 26 0.0 - Tension (
Mi13 RASA-A 121 Bov 1964 152 Pine 10 4.8 t .~ 23 s, Shear (s0!
30 600 w00 B 12.9 0.% Teneton (
M3 RASA-Z 2%  Mov 196k B3 Plne - 10 L9 6,080 . .- 3,500 850 20 r.o & Shear (80!
Teneton (:
M7 BT b0 ey 196k 65 Pive . 9 uy 2,85% 3,99 LI LT - s L5 018 Sewr (0
Tenstoa (i
wil3y BAM-C 68 RMov 1k 99 Plne 7 10 L9 t . . 5,750 2,000 B 1.1 tt hear (so!
Teneion (!
Milt MASA-E Bl Mov 196k 112 Plne 20 N 9 \.9 t [ . 3,300 1,400 %) 1.0 " Sear (o0
' Teneton (i
wil3 KASA-A 119 MNov 196k 150 Plne 2k 40 5 [N t e e Y Shear (so
9 » 300 1,000 ¥ 13.7 0.50 Tension (
M3/ NASA-D 21 Aug 19k 37 Plne 6 2t 10 5.0 11,166 Lad L 3,886 . 26 2.0 oo Tenston (
MIl13  NASA-B 10 Nov 90k L3 Pipe ) o 5.0 ' . o Sewr (oo
1,825 910 6 0.¢ - Tenston (
MI13  RASA-E 9L Nov 96k Plne 15 2 10 .0 t e 3 Shear (so
5 5 b 2,550 1,500 B %0 had Teneton (.
M7 -7 b3 May 1968 70 Ploe 20 Y <0 1,7% 10,405 5,770 3,685 . 2% 1k 0.53 Shear (so!
Tenston (.
MIT BT WO My 16k To Pine 24 » 3 5.0 5,077 6,290 3,88 2,386 » % 2.2 goy e
ne.on (
Mi13 NASA-A 55 Bov 196h 9%  Plne 0 10 .0 ' o Shear (s0
5 L 4,100 1,150 B .3 0.10 Tenston (i
M1}  RASA-C 60 MNov 196k 29  Pine 7 15 .0 ' éar (89
5 5 e i 3,800 550 » L3 0.3 Tenston
M113  MASASC 73 Nov 196k 10k Pine 3 2 12 .0 ' v 3 Sear (0
5 o 3,650 950 ¥ ko " etaion (
M113  NASA-Z 78 MNov 1964 109  Plne 10 2 9 5.0 ' .- ™ o - ¥ W8 1" Shear (s0
Tenston (|
MI13 NASA-E 85  Nov 1964 116 Pine 2t L) R 5.0 t o0 L o0 e b 10.3 te Tenston (
vily MASA-A 111 Nov 1% k2 Ploe 8 37 10 5.0 t L] L] 5,150 2,000 3# 6.1 0.20 Elnstic (
WIl3  WASA-B 17 ov 1964 7 Pine 10 L 5. Sisar(sg
% 5 5.1 10,400 . . 5,315 2,800 20 0.0 bad Tenston (
W13 MGA-E 22 Mov 1964 A Pine 8 2 b 5.1 13,L40 . o 4,100 1,600 20 0.0 o Snear (50
D > Tenston (
w113 NASA-A 136 Wov 196k 167  Plne 19 R . Sear (3
] n 9 5.1 t L v &, 200 915 B tt tt Tension (
4113 BAM-C TO Nov 196k 101 Pine 15 3 i0 5.2 ' . o 7,050 1,550 B 10.6 " Shear (so
o 2 Tensior (
M1l MAGA-C  TL Moy 196k 102 Plne 9 7 13 5.2 t . o §,900 1,600 » 1.1 " Shear (so
’ Y Tension (
MI13  MASAC T Nov 1%k 105 Pine 21 8 . pues (a8
33 5.2 t oe o 6,400 1,550 » 5.9 " Tenston (
MI13  KASA-C 76 Bov 1764 107  Pine 8 22 15 . . ear (s0
¢ 5.2 t € Lo 5,100 1,100 ¥ B.1 tr Tenston (
MI13  MASAC  TT  Nov %4 10f  Pine ki 39 1 5.2 ' . o " " » 8. " hear (so
Tension (
M3 KASA-A 140 Nov l6h 17 Pine I 33 1 5.2 t o = b, 400 1,100 ¥® .6 0.2% Shear (s0
’ L ! Tension (
MI13  MASA-A 1ML Nov 1wk 170 Pin 4 3 8 . Shenr (s
. 9 5 t v ve 4,800 i) X0 B 7 0.40 Tenston (
LExs RASAC b oAwr 156k b Pine 0 37 L 5.3 22 b’ o . A,25 e 26 0. e Tenston f
M37 NASA-O 23 T 19tk 28 Plne 6 2 10 5.3 5,501 o o 2,887 L4 2 0, - rme::o:u(:
Mi13 FASA~B 18 Mov ipk T7 Fine 105 R 8 Bhear (8¢
» 5.3 7,760 2 . 8,550 L0 2 0 s Tenston (
M3 MAAE A6 Mov 1964 11T Pine 10 6 19 5. t [ . 4,00 2, %0 » 0. oo Elastic (
(Continuet) .
o measuremsnt madle.
t Total work not recorded.
tt Lustr msentation "siled.
\
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ble Bl (Continued)

vecs
Max ima Aver Cone Index Soil Classifieation Moisturs Content, E
longitudinal Tt - BGIB:GKGEG B to 12- G o

. Acceleration 6-1n. 12-1n. 18.1n. Pbetn. I0efn. 6-in. 12-1n. 18-in. Guin. Re4n. lS:ln.
4 Mode of Fellure layer layer layer layer layer |leyer layer |layer layer layer Llayer Resmrks
United States sCoan'nd!
1ad Tension (stea) 268 M) ¥l - (13 L8 Cl-i. CL AN SR
1" Tension (stem) 188 213 35 Lo Lad " - L 17.6 173 18.7
Lo Elastic (stem) 263 3ok b Lo (24 CL-#M. CL-ML ¢ 220.2 .2 17.5
odo  fuear Coetl) 350 563 5% e e @ CLML oy .8 113 187
e
- hn::ot(:'?l":r)n) 1% 20 20 e A N’ 118 173 8
0.10  Shear (so1}) 260 Bz e e @ oL
" Tension \root) 135 cL 178 17.3 18.7 Taproot falled 12 in. sbove ground surface
e 11
i 'Nn:.:ol(i.?roc)n) ou 28 % e L0 MM oL 150 12.1 135
0.1 Tersion (stem) 269 B3 02 L34 oo M CL-ML (L 17.8  171.3 18.7
. Tenston (stem) 151155 1k 217 W20 W o a N5 207 2.0
& 11
0% Te:::or(xu(:ror)n) P 498 AgT e M M g 178 173 187
. Dear (so11) 24 26 184 e v w a Infe-ted ares observed on stem just above ground surface,
Tension (root) T ! L 2lz2l 1572 15.6 Taproot failed 12 in. below ground surface
ghe 11
0.18 hn:';oi‘?mg” 119 153 107 186 Bl BM  SP.SM  gpoay 38 Wk L8
nooEEEL o w v e amoaw 1w s s
She 11
" hn:or(iu(:rcc)n) 195 31 e e v oW e cL 150 12,1 135
She £l
o’ 'hn:;oi“(,ro.);t) 25 B 9 e e W L g 1.8 1.3 187
[ Tenston (stes) 210 220 200 260 90 W LML op 137 12,9 .2
She soil
= ‘hn:;or(x (rot)al) 70 M9 35 e e ML cL 5.0 6.8 6.8
e 04l L
had hm“;o,(,'(,.“),r\ 178 291 286 * [0 L L cL 15.0 12.1  13.5 Taproot .ailed 5 in. beiow ground surface
Dear (so01l)
0283 Tenston (reot) LU 9 207 AT WM SR py 77 7. 7.4
Shear 11
-5 ‘hmlor(i.?rogt) 311 200 A3 M M e 7 T T
Sbenr (s011)
ok byl {rovt) L e M LM g 1.8 17,3 187
0.30 Shear (so01l) e voz - - CLML CLML 7
E Tenntor (Peut) 3% < cL 20,2 16.2 17.5 Taproot faillet !7 in, below ground surfare
Shear (so01l)
" mum(; (root ) EELANE A S Y LML CLM g 2.2 162 115
Shear (sotl) &
" Tenston (root) ST 10 150 e A cL 150 120 135
1" Tenstor (stem) 185 250 By d = ML ML cL 15.6  12.1 13.5
C.20 Elastic (otem) 533 59 50 e L ML Cl-ML % 17.8  17.3 18.7 .
- ::::m(a"(::zt) z ¥l BL e se 5C-M M L 132 no Iy
L Znear (9011
: Ten: lot(x (ror):l) 183 26 e e R 2 cL ol 1200 1i.B Taproot fasled if ir. belov grouni surface
Shear (sofl
KU Ten‘losl'(rcl[,) Bl S0 590 b el ML Cl-Ml.  ¢p 476 17.3 1B.7 Tree falled 22 ft above groun! surface
thear (soll) ~r
i’ Tension (root) 18 ite 264 " =2 =ML CL-ML ¢p 2.0 16,2 17.%
Shear (soil) .
" Tenstor (root) 195 21 251 * o CL-ML CL-ML ¢, 20. 6. i1.9
Shear (s01l) .
" Tension (root) A1 13 M had * ComMlL CL-ML @p 20 16 K
Shear (nofl) .
" Tension (root) a1 aa = E CL-ML Cl-M. ¢y, .0 10 17.5
hear (s011) ; - L
" Tenston (root) 520 0 150 . CL-ML CL-ML ¢ i T
‘ Shear (oc1l) e .
£%2 Tenston (root) 21 & 3A *oom ctm g R 1.7
7 Shenr (so0tl) o] .
i Tenston {~net) moos13 %20 *oMm LM g 17 17,3 187
- Tension (stem) 96 gy kel Le bk “. ML CL 1t .1 16.7 Undercarrinse of wti ‘e repel bark vl own fror tpee ctee
= Shear (sotl) .
: Tenstca {root) b 200 o 20 2% ML cLM g 1.0 158 139
2 Shear (s01l N = = -
: Tenn.ar(| (ror)n) 178 a1 2 - SC- W CcL lc. 11. 6.7 Tipront fal . . in, “e.ow spound surfa «
Lo Elastic (otem) 324 69 337 a0 - ML W oL 15,0 121 138
tinuet)
{ rheerr)
[ ]
-
s
, 4 .




"le Bifuntirued)

e
: . ‘em Max L M Lsus JRA el s L oum
‘ el Tree wn Ulumeter wora Fa qulred s.rr Foquirel Mulmum  Horlionta: Vertica, ovee at laretitutlnal
Teat Sewt r L5k Helght Timgmter -+ Llr, Al ve= » Farl 9 verrlde Tractive Pusbiar Pachtar ant  Contact  Ac 4 erstion
Yehlcle Sits No Y. T il . o 1 ft = zround, in. Lree g Lol Tree, lieft F.re,.it Fure .t F roe, L tn. mph ., Mode of F
0w o Trees, "w.ited tates (C o rtirued)
M3 MR o) Yo e “ ). 3 ' ve oe L, 750 e g Iy % Aenr (sc1d
‘ | A Tenulurn (r
M113 RASA-C T Nov " » '] o 3 t * 'S 19,700 190 N % o Dear {01l
’ | Tenslor (ro
Mil3 MEAE %0 v s i 5.4 * - - 4,500 © 800 . hear {soll
4 Ten:lon {ro
Mi1? MAR-A 179 N Lk w 10 5.4 ' e oo N % w A9} L Tew Lon (st
M113 MAA-A 14l v ke ) 10 5.4 ' - o | Tear (so01l
K 050 )4 > Teusion (ro
M113 NASA A N i K 1 5.9 A sie R U, X0 b, ¥ & b plastle (st
M113 NASA-A ™ 40 1 5.9 * L o 8,100 y $ 1.9 w Tenslon (st
M113 NATA-A *® o IS 10 5.5 + . o, 4,500 1,100 (3.1 e hear {ould
’ Tenzlon (ro
Mii3 NASA-A fiev  wd 4 b 10 5.5 t o iad 5,680 500 ¥ L 5 Elasttc (st
uy7 E-7 Y3, May e e % 0 5.0 2,625 15,006 5,154 5,192 - ] P b 0% nenr (so1l
Tension (ro
M37 £-7 b May  ime 1 i w0 1 9.5 13,78 23,260 P “913 . 54, 39 .85 Ghenr (soll
: Tenulon {ro
Mil3 MSAA 116 Bov Q9ok  La7  Plue . w 3 5.6 ' o - 5,000 1,200 » Lil 0.0 hear (sol)
' ' ' Tension {ro
MI13  MASA-E 79 Nov L%k 110 Pine 4 10 5.7 v - o " " " 0 o hear (soll
Tenslon {ro
M37 E-7 bl May 96k T2 Fine 40 2 5.7 ] 1t 5,291 e *e o 1.7 EVRTY] 8o Fatilure
M37 E-7 L2 May ik b Pine 4 w 0 5.8 vt (24 4,729 (23 e £ 1.9 s No Fallure
M113 MASASC TS5  Nov i)tk 106 Plne f 4 s 5.8 t . o 7,300 1,5% w© 3 " shear (soll]
F ’ Tlenslon {ros
M113 MASA-A 117 Nov 14 149  Pine 0 W2 9 5.8 t [ o " 5,400 w 1 0.70 hear (solt]
' Tenston (roe
37T E-7 k28 May L4 63 Pine 5 4o 20 9.9 1t 1t 5,623 " o <t "7 ei.lb No Fallure
M1} MASA-A 120 Nov 190k 15  Plne 18 = 12 3 ' - : 0 Shear (so11
5.9 (] 7,550 1,7%0 » 171 o.n Toncionl(rod
Mi13 NASA-E 150 tov 196k (8L  Pine 5 51 8 6.0 22,320 - . 7,650 3,650 20 0 e Elactic (ste
Mi13 MASACE 83 Nov 196h 11k Pine w 15 6.0 ' - o " t 9.1 t Shear (sull,
Tenslon {ros
MI13  MASA-A 112 Nov 196k (43 Pine 25 12 6.0 ' - - 8, 50 120 ) 6.1 0.k hear (so011]
’ ' 9 Tenslon {ro
MI13  MASA-R 5 dov 1964 12 Plne 15 35 23 6.1 21,920 . o 10,850 2,95 0 e Thear (soli)
. 2 Tenslon {roc
M113 MASA-L B0  Mov 196k 1il  Pine 20 W2 10 6.1 ' - : “hear (soll]
o 7,250 2130 » L " Tension (rog
Mi13 RASA-A 115  Nov 196k 16 Pine 2 %] 19 6.1 ' . . 6,800 1,915 18 113 0.80 bear (soll
' ' : Tenslon (roc
M3 MASA-E B4 Mov 1964 115 Pine 18 34 7 6.2 t . ) 9,300 2,600 B 5 " Elastic (rve
MI13  MASA-A 125 Mov 156Gk 156  Plne 0 55 1 6.2 ' Shear (s01 1]
5 - o 6,750 1,650 38 12.2 0.60 Tenstion {rog
M113 NABA-E 90  WNov 196k 121  Pioe 16 3 19 6.3 t . . " " B 13.7 " Shear (soi1)
Tension (roa
M3 NASA-B Nov 196k 79 Pige 1 » i 6.4 thear (soll)
16,560 - . 9,450 2,000 20 0.0 - Tenelon. (o
Mi13 RA3A-! 32 Nov 136k 19 Plne 20 4y 10 6.4 hesr (soll)
23,520 o - 13,900 5,800 2 2.0 - st (o
i1 NASA-\ M Nov 1 N 11
3 964 90 Pine 2 6.4 ' - - 9,200 2,300 B 5.2 " “:fw(“‘(’mz
MI13  MASA-A 139 Nov 1964 170  Pine 6. e (s011)
5 5 t b - 9,500 2375 * 6.3 0-10 Tenslon {roe
w13 MASA-A 145 Nov 1964 1Tk Plne E14 12 6. Shear (s011)
5 v o - 7,600 4,450 ® L8 8o Teasion (roo
Mi13 KASA-D 3B Nov 1964 71 Pine 15 X 12 6.6 23,bb0 . e 8,050 8,350 20 0.0 o Tension (ste
Y
K13 BASA-A Nov 1964 59 Plne 12 w2 18 6.6 ' v o 3,700 L8O % 0.0 o ﬁ:.‘ioﬁ“(’iﬂ
M113 RACAC 69 Nov 190k 1CO Pine 15 Faf 1 6.6 . Thear (soll)
5 t 3 - 5,800 1,90 » 0.9 b Tension (rov
M3 MSA-C 65 Nov 196k 67 Plne 12 13 12 6. Shear (sotl)
'S t - . 1] (1] » 6.1 (23 Tenston (roo
Mi13 NASA-L 10k  Nov 196k 135 Plne 16 45 20 hear (sotl)
6.6 ' - - 10,700 2,30 » 9:0) " Tension (roe
M3 BASASE 106 Nov 1966 137 Pine 0 10 ] Bear (s0l1)
g 6.6 t - e 9,650 2,000 » 8.4 1 Tension (rov
Wai3 MASA-Z 108  Mov 19 139  Plne 10 g hear {s011)
6.6 t - . 9.500 1,950 » 3.7 i Tenelon {rod
M1 NASA-A 137 Mov 196 160 pine 0 @ 2 y i Shear (s01l)
] 6.6 ' - v 8,800 1,500 ¥ uze Q60 Tensloe {row
{Contlnued)
&  jlo ~easurement made.
t Total wurk not recordel.
tt  Instrumentation falied.
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Tatle Bl {Comtinued)
usts
ed Max fmun Aver Cone Inder Soll Clessifjcatlsn Moisture Contert, 1
Lorgituainal ve to 0 - - to - e to Ge To ~tc T- % & to L-to
wet Acceleration fefn. 1210, 18etn. 24ein. 30-in. €-fn  12-1n. 1B-in. 6-ln.  lrein. 1Heln.
b & Mode of Fallure Llayer layer layer layer layer Layer layer layer layer layer layer Remnrks
8, 1mited "tates (Continued’
0 0. 35 :::;or(n"(,:'!:gt) 215 245 33y Ll e 14 CL-ML CL 1786 47.3 18.7  Taproot fal.et ¥ in. Le ow ground surface
hear (s01l) -
pu Tenston (root) RS R ) o . CL-ML CL-ML L 0. 16. 17.5
) o i‘:‘;w‘l"(’:g‘) 18 112 s e “ w o cL 15.C 1e.l 135 Tuproot falied st grouni surface
L 0.6y Tension (stem) 21% Wy ¥1 - bad M CL-ML CL 1T.8 7.3 15.7 Stes failed in tenslon € in. mbove ground surfece
“hear (so1l) 5 Taproot fal o3 .* {n, beiow groun! surface, Muln stem failed
4 065 Tension (reot) 2% ok e " b y.q,, Ci-MLooCL i I ) Mt b ft mbove ground surfece
> 0.40 Elastlc (stea) 51 150 50 po . ML CL-ML CL 1T.6 17.2 k.7
) Q.50 Tension (stem) 200 97 292 (1) (2 ML CL-ML CL 17.8  17.3 12.7 Tree failed in tersion & £t ubove ground surface
‘ W ;f,'.:{o.‘,"(’ijlt, 9% Am 512 - o ML CL-ML CL 1IT.6 iT.3 157 Maln stem falled -5 ft above ground surfece
: 0.50 Elastic (stem) b ZOY o .. RO ML ClL-ML CL 178 17.3 19.7
‘hear (sofl) o
3 =0. 55 Tension (root) 12k 137 132 167 149 M SPelM  SP-M 3.E ' 4.0
shear (so01l) . . opld L
» -0.85 Tenaton (root) n 135 160 205 293 ™ SPeM  SP-M T.7 7.1 T.«
Shear (sotl) 5
0.60 Tenslon (root) 23 ® bl L0 0 ML CL-ML €L 7.2 17.3 8.7
| Shear (s0il) . Portlon of stem was irnfectei f-om the ground surface to a
s Tenslon (root) »*7 e LT " o " o cL 15.0 4ea1 13.5 hefght of 4 {r.
-0 No Faflure % 12v i%0 237 29 M CPeM  SPeM 1.7 T.1 T.4 Vehicle lmmobillzed
<0.70 No Fajilure 102 134 139 115 113 M TP-M  SPeM 3.2 Lol "6 Vebicle {mmobilized
Shear (so1l) . . . ~ " i
T Tension (root® 332 519 8o ee (1) CL-ML CL-ML CL 20.c 16, 17.5 Infetel taproot. Taproot failed .C ln. telow ¢ground surface
rar (soil)
Q.70 Tension (root) 378 491 bk 2 e ML CL-ML CL 17.8  1i1.3 5.7
-l 1k No Faflure 117 1%~ 106 85 (Y4 oM SPeM  SPeM 3.8 Loy 4.8 Vehlcle immobilized
& Shear (soil) Stem wiz snurped off st the juchter helght of 2 in, and fell
G0 Tension (root) =7 30 314 “ e LT ClML  CL 7.8 11.3 18.7 cn tip of the vehicle
o Elestic (stes) 3% ser 5% o e oL ML cL 15.0 el 135
Shear (aofl)
1t Tenston (ruot) 07 »2 275 3 3 ML ML cL 15.0 12.1 13.5
Shear (sofl)
0.40 Teaston(raot) 25 W 552 ee . wm cLML CL 17.8 173 18.7
oe x:or(l.?:gt) 183 256 259 o L SC-M ML cL 13.8 13,1 13.9  Undercur-iage of vehlcle iragce! on tre exposed root tulb
Shear (so1l)
2 Tenston (root) 25 39 e e M owm cL 15.0 121 13.5
Shear (so0fl) -
0.80 Tension (root) 508 50 10 o o M CL-ML CL 17.8 17,3 18,7
A4 Elestic (stes) 01 LTk 55 " . ML ML CcL 15.0  12.1 13.5
Shear (soil) " =
0.60 Tena lon (root) 9 59 645 . oo " CL-ML CL 17.8 17.3  13.9  Taproot fatles i% in, below zround surface
Shear (soil) ), Taproot falied !9 in, below ground surface. Stem assumed »
u Tension (root) 212 91 35 - * " L cL 15. Lo 135 bov shape immediately after contact
Thear (soil) el an + A . .
Lad Tenston (rov+) 293 o WO L] o S5C-9M ML cL 10.6 3.5 12,6 Puproot failed in. below ground surface
Shear (sol) 8.6 4 " 1 ; 5
o, Tenston (root) 26 32t 19 Lo o ML CcL cL 18, 15.3 15,8 Taproot fallel in. telow ground surface
Shear (soll) . = | )
12 Tension (root) 335 h15 13 L L d M, LML CL 17.2 17,3 18.7  Tuprest falled .. in. telow Kround surface
Sheer (sofl) R . 1 }
0.70 Tension (root) Bo 502 bGh Lad .. ML CL-ML CL 17 AT7.3 5.7 Taproot falled % in, Le.ow grouni surface
Shear (so1l) ) a + . s » bel 1 a ”,
0.0 Teasion (root) <16 25T 253 b Lo ML Cl-ML CL 17.8 17.3 3.7 T.proot falles in, o™ zround surface
had Tenslon (stem) 29k 591 kg2 e o " cL cL 18.5 12.7 13. St::ere'll agulnst a neighboring tree defore contacting
ground
Shear (soll) N 5 20 e
- Tenston (root) =2 St Y (%3] - »e ML CL-ML CL 1.9  20.1 .1
Shear (soii) . 5
+* Tenslon (root) 10 2% 316 b Lol CL-ML CL-ML CL 0.0 .. 1.5
Sheer (so1i) 1€. iT.
Tt Tenstoa (root) 205 s iT0 (L oy CL-ML CLl-ML CL C.¢ T..
Shear (sotl) . 10 ) v i
" Tenslon (root) 183 219 305 »e »e ML ML cL 15.0 1.1 13.5  Taproot faile in. e'ow ground surt. e
n :‘M“m(l'?:‘)”) 2% M 531 - - ML M cL 15.0 101 13.5  Tree crown failed 28 ft above ground surface
\Al :m'"m(,'?:gt) 1% e 3 *g) ) L 8 L [ 8 15.0 1.1 13.9  Taproot feliet 3 in, teiow ground surface
0.60 hmmﬁ'?:l‘) 306 676 682 e L ML Cl-ML L 17.€ 173 18.7  Stes fafled in tension 6 ft sbuve griund surface
ont 1nued )
(3 of A _neets)
iy et e :
. -
.

Py




o v | ORI YR NN -,

Turle Bl (Contlrued)

skt
Tree Brancha Jtes Mo Lo Max toum Hclgh:, Speed Max Lmun
Type 1og Tree Crown Diameter Work Required  Work Requir:d Muximum HBorfzontal Vertical Apove- st Longltainal
Test Test Tree e Belght Helght Diameter L. in. Above- to Fall to Overr!is Tractive  Dushbar Pushitar  ground Contact Accelerstion
Yehicle Site No. No. Tect Date Mo, toame It f1 f1 ground, in. Tree, lb-ft Tree, 1b-f1 Porce,lb  Forcs,ld Porce It 1n. wph e Moce
Seftviod Trees, United States (Contlnye
M113 MASA-D 3T Nov lpk 70 Plne L 10 6.7 1" v v ) t . 0 . Shear
Tersio
M1 FASA-E L Nov 1 1 P1 15 45 20 6.7 t o ' 8 hear {
3 o7 Wb LY ne 1550 2,700 I LT n Torsten
M1 RASA-A 12 .3 190k 153 P1, 25 ) 15 6. t e 1 Soear (
3 22 Mov 13 5 ne 7 7 g 8,000 2,300 ® 8.7 1.00 boc
M3 MASA-Z B8 Nov lwk 119 Flne 1 25 6.8 t . . tt 1 ¥ L. 1y Shear {
Tens ion
M3 MASA-A 118 Nov 196k 1k3 Pine 2 12 6.8 t b s 9,450 2,55 3B 5.7 1.10 Tm“x(
ens {04
MI}3  MASA-E 146  Nov 1964 177 Ploe "3 15 6.9 20,960 - - 8,800 1,915 20 0.0 . ,i‘“‘;(
nslon
M113 RASA-A k6 Nov 196k 40 Pine 50 15 6.9 t . e 8,050 2,500 » 0.0 - i‘:'::iof.
9 MASALC 66 Nov 1 Pl 1 . » Shear (
3 96k T2 ne T 33 T 6.9 t " L] 6,100 3,25 » 0.0 2 Tension
M3 MASA-E 102  Nov 196« 133  Plne 15 L2 25 6.9 t Lo L 15,200 3,300 B 8.5 " :::;o.(.
W3 MSA-A 135 Nov 196k 166  Plne 20 us 2 6.9 ' [ e 8,100 2,600 38 12.8 0.90 ,i’z:‘;m(‘
M3 MASA-A 143 Mov 1964 175  Pine 24 us 12 6.9 t Lad ow 7,800 2,000 3 11.9 0.50 :’:‘;og
N
M13 MSA-E 28 Nov 1%k 1 Plne 15 18 1.0 22,560 . - 12,000 2,700 20 0.0 L Soear (
Tens {on
W MASA-C Nov lgek 6 . Shear (
3 ok 3 Plne 13 15 7.0 t - ve 10,700 2,700 k') 'S4 0.40 TorsLen
M113 MASA-E Nov 196k 123  Pine 35 u5 14 1.0 t o] Lo 18,k00 3,70 ¥ 1.0 it :::;u(a
W13 MASA-E 95 Nov 196 Lt Pine 15 "3 20 1.0 t o - " e ¥ 106 " Shear (
Tension
M13  MASA-E 103 Nov 196k 1%  Pine 15 L3 25 1.0 ' e ) 15,550 2,85 ¥ olar " -ps:::{os
M3 MASA-A 110 Nov 196k 14l Plne 2 52 15 1.0 t . v 10,600 ) » .6 0.75 f:’:‘; (
nsion
M3 MASA-E 23 Nov 1964 80  Plne - 67 21 7.1 %0, 320 Lo - 15,30 1,800 0.0 = %:::os
M113 FRASA-E 17  Nov 1964 178 Plne 25 80 12 T.1 22,560 L] Lad 12,200 1,780 ) .0 L] :‘n‘";u(“
M113  MASA.D 35 Rov 1964 25  Plne 15 2 20 1.2 21,600 - - 9,90 2,215 20 0.0 . ‘T’:;:‘;OS
Wil3 MASA.D 0 Nov 196k 1T Pine 20 50 25 T.3 33,400 ° [ L] 15,600 5,800 20 0.0 0.0} Tension
M3 MASA-A 48 Nov 196k 38 Plne 2 o8 2 7.3 t - Lo 9,600 2,100 ® 0.0 s ::.::o&
K13 NASAE 96 Fov 196b 177 Plne w0 13 7.4 ' - o 9,500  2,k00 B 0.0 o i
M3 MM-E 99 Nov 196k 130 Plne 18 B ] 7.4 t - . " " B 0.0 - Tension
M3 MASA-E 15T Mov 1964 188  Pine 24 55 12 T4 t - L 7,30 1,525 38 0.0 w -i‘:::o&
ey MSA-B 13 Nov 1 %0 Shear (
3 3 96 Plne 57 15 7.5 ' - o 7,60 2,100 6 oF0 - Tension
M13  MASA-E 97  Nov 1965 128  Plne u, 25 1.5 ' - L] 19,900 4,500 B 103 ht -i:::os
W M4 128 Rov 1965 1 1 . Shear
3 965 156  Pine 60 10 1.5 o o 13,100 1,100 B 13.1 1.25 Tension
a3 MASA-D 31 Nov 1964 18 Plne 18 4s 7.6 ¥%,320 - ] 14,100 3,150 2 0.0 e '?::::o&
a3 WASA-E i Nov 196k 19 Plne 3 51 16 7.6 ¥%,560 Lad had 17,550 2,00 G 950 9:25 ::::oﬁ
NASA-E Wov 1964 115 Pt Shear
a3 81 96k ne 16 4s 35 1.6 t L] s " tt B 5.8 " Tension
W13 NASA.T 105  Nov 196k 136 Plne 20 45 25 1.6 t - - 11,200 2,800 B T.7 (2]
M113 MASA-A 113 Nov 1964 Lk Pine » 60 18 1.6 t - - 12,200 2,150 B 5.7 0.80
1 0K] NASA-E 89 nv 1wk 120 Pine 15 R 25 1.6 » - [1] (1 38 4.5 (2
W13 MASA-A 123  Nov 176k 154 Pine kL] sl 1.6 I v - 13,000 9%+ B 12.¢ 1.20
013 MASa-E 100 Mov 1964 131 Pine 35 [} T.7 t e - 13,700 3,200 ¥ 1.2 tt
M13 MASA-E 109 Nov 196k 10  Pine 52 7.8 t - o 16,100 4,200 b ] 12.2 tt
10X NASA-A 127  Nov 196k 15T Pine 55 15 7.8 t - - 17,150 -1,950 ] 10.8 1. %
{Cont snuen)
**  No meesurement msde.
t Total vork not recorded.
1t Instrusentation failed.
. A 4 .




Tatle Bl (Continued)

uscs
501l Classificstiun

e Mux {smum Average Cone Index Mristure "ontent, ¢
L longitudinal 0 G- to - - - to - = to Ga to - to
sct Accelsrstion 6-1n. l2-fn. 18-tn. 2Aein. -in. 6-in. 12-in. 18.in.  €ela. 12-fn. 18.1n.
b _ F { mwmwﬂ&mmmmmmmmmmm Beparks
g jted States (Comtinued
3 b ::::og“(,::c,n) 6 M6 56y e * w a a 9.6 5.7 111 Taproot fsiled 30 in. belov ground surface
7 1 :ﬁoﬁ'?ﬂ:” 18 135 210 e * M oM cL 15:C 121 13.5 Teproot fsiled 24 in. belov ground surface
7 1.00 :""“"o'(,'?:;g" 297 03 353 es e oL cL IT.8 173 18.7 Teproot fetlet 18 in, below ground surface
2 " ;:’::{4'?:2‘, 218 66 sy - . oM oL 150 12.1  13.5
' 10 e of"‘(’:gt ) Be 0T k95 e e caw oL 6 T3 187
) . :::4'2‘:2‘, 0L Bl 298 e R A L 15:0 12,1 135 Teproot feiled 36 in. below ground surface
: - m‘:w(l'?gg‘, 181 N3 B e e om L L 7.8 17,5 1807
) - :::{a(,"(‘:;:” X6 350 300 e ML LML @ 2.2 16.2 7.5 Teproot fsiled 12 in. below ground surfacs
I " :::;m(.';‘:zt, 197 2% 260 e - w u cL 150 12,1 13.5
| 0.90 :‘f‘:a(,'?:gt) W1 660 651 e * M ca cL 17.8 17,3 18,7
} 0.50 :::osl-?:‘l’g‘) 201 %4 2 . . o cLML  cL e 17,3 18.7 T-];Gro: :::i:dm..zi:;mw surfece, Main stem follsd
Led :‘“::m("?:g‘) 21 358 280 .. - ML ML cL 13.5  1l.4 1.1 Taproot fsiled 36 in. below ground surface
0.40 :‘n::a("‘(’:;g” 181 181 233 . [ CL-ML CL-ML (L 2.2 16.2  17.5 Teproot fslled 2u in, bslow ground surfscs
" :;::m(x.?:gt) M3 3k 76 . . w oM cL 5.9 12.1 135 Teproot feiled 12 in. bslow ground surface
" mol(;.?:gz) 193 269 231 .. e ML ML eL 15.¢ 12,1 135  Taproot fsilsd 48 in, below ground surface
' l?e'r.‘::or(t.?:zt) 19 254 A - 0 M » v 15.0 12.1 13.¢ Ta;ﬂﬁ. :;:::lgf:unl:..::fl::.gmm surfece, Main stem fsiled
0.15 :::{o:“(’:;()n) 517 750 750 o6 ™ X CLML L 178113 187 St;:: :u: ::nmcr:r 8t the pushbsr height of 38 in. and fsll
. :::{or(‘“(’:gt) A1 32 k3 e s o M cL 1.0 11.k  10.2 Taproot feilsi 2b in. below ground surface
- f.:::;o‘(,'?:gt) 2% 359 ko . e M cL 15.0 12,1 13.  Taproot felled 2k in, below ground susface
. :’;:m("?:g" 125 151 236 - . M cL oL i2.5 10.7  13.7 Taproot fsiled 2k in. below ground surfsce
0.01 Tension (stem) 329 553 598 . - ML cL cL 18,6 15.3 4.8
- Shear (so11) 220 6 B0 e o  w o L 1.8 17.3 1.7  Teproot failed 3 in. bslow ground surface
Tensfon (root)
- :'M";'m("?::gu 186 323 390 - . M M. cL 15.0 12.1  13.5  Proot of trecks reised sbout 6 in. off the ground
o Tension (stem) 225 281 263 e Lad ML ML cL 15.0 12.1 13.5 A portion of the mein stsm was infected
. :‘;:“'m("?:g” 166 172 300 . . L) oL 15.0  12.1  13.5 Taproot fsiled 12 in. below ground surfsce
- x::oi"(’:gu 21 65 56 e - sc.a M cL 68 6.1 1.9
" :;::q‘"?:g” 30 516 580  es . MM oL 15.0 121 13.5 Taproot feiled 48 in. belos ground surface
1.25 ::::a("?:gt, 291 3o b2y [ - ML LML L 17.8 17.3  18.7 Tree fsiled st pushbsr neight and fell on top of vehicle
[0 :::;a("?:g” 23 215 200 v v ML cL cL 18.6 15.3 148  Teproot fsiled 12 in, below ground surfa e
0.25 ::::o&“(’:;)n) 196 260 385 ee I T 3 cL 15.0 12.1  13.5 Taproot tsilel 16 in. below grouni surface
" :ﬁof"?:gt) 210 282 339 s LI A ) L 15,0 12.1 135
R~ e S ReiTen qto 140 2% obows g peegir: (dnaten
0.80 x:{;"(’:gt) 61 /6 kge - - M. CL-ML cCL 171.8 17.3  16.7
" :::{a(";’:g” e 373 e . . w x oL 15.0 1.1 13.5
1.20 :::m("?:gn 239 33 73 v » 8 CLML L 17.8 17.3  18.8  Taproot fetlel & in. telow ground surfa e
i el Mo oAm e e e e @ 150 2 s TRt e B L e e s Tt ba
t .::';4'?:;3‘) 39 M 3% e LI A ) cL 15.0 12.1  13.5 Taproot failed b* ir, below grouns surface
1.% Tensico (stem) /5 621 675 ee “ M cLuy CL 178 173 ase Bt ::;"s;dv:::ﬂ': 4. pEbEN Blgn 57 9 sl i
{Cont inue1)
(b of 8 sheets)
s ottt et - et e S —— .
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Tatle Bl (Continued)

Pushter

Tree brancha Stem Maximus  Maxisus Feignt Speed Mex {wun

Type ing Tree Crown Dlameter Worx Reuired Worx Required Mmximus Horiz.ntel Verticai Above- at Longitudlnai
Test Test Tree  (Commorn Height  Helyht Olameter &4 in, Above- to Fxll to Override Trective  Pushtar Pushter grouni  Contact Accelerstion
Vebicle Site No. ¥o. Test Date Mo S £t £t It ground, in. Tree, 1b-ft Tree, lbeft Forcs, it Force, ib Force, it in. wph L Mod

Scftwood Trees, Unit=d States (Contin

M3 KASA-A Lbb Nov i IT° Pine 15 35 15 7.8 ' - o 9,600 3,900 B 112 0.90 o
M3 NASA-B 19 dNov 1wk T Pine il 20 13 9 23,440 oo e 10,050 4,600 20 0.0 e Elast
W13 NASA-D 29 Nov 136k Lt Pine 15 L. Y 1.9 47,920 =~ ol 19,100 7,30 20 0 0.15 Tensi,
M3 KASA-E W49 Nov .64 180 Pine 0 4 12 7.9 29,760 - - 13,800 2,000 20 0.0 o .i’::‘;
Mi13 NASA-A 50 Nov 1964 Ll Pine k4] 49 20 7.9 t - o 10,500 2,500 8 0.0 . :‘;::;-‘
M3 MASA-A b3 Fov 196k 39 pine 25 52 20 7.9 ' - - 20, 300 3,750 38 5.2 0.40 ,:“m‘:‘
M3 MASA-E 98 Nov 1964 129 Pine 20 W8 20 1.9 . - - 18,900 4,600 ¥ 116 T x:{(
Mi13  NASA-E 101  Nov 196k 132  Pine 35 58 2 7.9 ' = - 19,100 5,400 8 8.1 &t ?53{:
M3 BASA-A 11k Nov 1964 .,  Pine 18 45 18 7.9 t o .- 13,400 4,000 3B 8.0 1.00 Tens{c
M3 NASA-T 21 Nov 1964 2 Pine 15 42 20 8.0 33,280 Lad = 1k, 300 4,050 20 0.0 *o Tenaic
M1)  WSA-A 51 Nov 196h 56 Pine 10 "3 25 8.1 ' - - 10,300 1,450 8 0.0 - il
M3 MASA-C 59 Wov 1964 30 Pipe i 9 20 8.1 1 - L " " 38 ot t i’:::n
M3 MASA-A 4S5 Nov 1968 91 Pipe 2 5% 2 8.2 t o e 11,400 3,100 8 0.0 - 15‘:::0
M13  MASA-E 2k Nov 1964 Bl Pine 2 51 23 8.3 5,560 e - 15,000 5,350 By 90 o ::::o
113 NASA-A 39 Nov 196k 85  Plne 45 70 10 8.3 - - - - L] 20 0.0 bad Ko Fal
M113 RASA-E 153 Nov 1964 184  Pine 25 54 16 8.3 36,400 Lo = 17,600 1,500 20 0.0 - x:o:
M13  MASA-A 6 Nov 1964 Pine 15 7 2 8.3 ' Es L 8,150 1,400 56 0.0 e et
a3 MASA-A 52 Nov 1964 58  Pinpe 15 "3 25 8.3 ' - - 10,200 2,15 38 0.0 . :::';o:
M3 MASA-A 5 Nov lg6k 61 Pine 12 W8 2 8.k ' - - 8,400 2,600 56 0.0 - :"n::c:
13 MASA-A 138 Nov 1964 169  Pine 2 60 15 8.5 ' - - 20,800 3,700 38 10.2 1.20 ::::oi
a3 MSA-A W0 Wov 1964 86  Pine 45 56 20 8.6 57,680 - - 18,000 6,35 20 0.0 - Tenslos
M13 NASA-E 151 Nov 196k 182  Pine 10 51 2 8.8 46,480 . . 16,800 3,200 20 0.0 o Tens Lox
a3 MASAZE 152 WMov 1964 183  Pine 18 u2 18 8.8 t . . 17,400 .- 20 0.0 - No Feil
M113 MASA-D 3 Nov 196k 2k Pine 2 us » 9.0 43,920 o . 17,000 3,850 20 0.0 - Tenslor
113 MASA-E 154 Nov 1964 185  Pine 0 ¥ 0 9.0 33,040 - . 12,200 2,000 20 0.0 - Tenslol
M3 JASA-E 155 Nov 196k 186  Pine 2 50 20 9.1 . - - . [ 20 0.0 - %o Fail
W13 MASA-A k1 Nov 1964 87  Pine » = 25 9.6 - - - - v 2u 0.0 ’ No Fail
Li0K] MASA-A 56 Mov 195 93 Pine 40 .- 0 9.6 t - - . 2,050 B 0.0 " ¥o Feil
M3 NASA-B 12 Wov 1964 T3  Pine 20 50 20 9.8 ' . ] 9,600 1,100 56 0.0 - ,i‘:::oﬁ
13 NASAO 33 Nov 1964 20  Pine 15 - 35 10.0 . . - . o 20 0.0 " No Fe’
M3 NASA-0 334 Kov 1964 20 Pine 15 . 35 10.0 - - - - - 20 0.0 " Ko Fall
W13 MASA-B 15 Nov 1964 76  Pine 18 63 k4 1.0 t - ™ 12,600 3,500 %6 0.0 () :::;m‘l‘
M3 NASACB 16 Nov 1964 35  Pine 35 63 25 12.1 t - - 20,000 t 56 0.0 - No Peil
Hardwood Trees, United States
[+5%] E.13 %L May 1964 18 Oax L} 9 3 11 132 333 " 96 88 20 2.4 0.0 Elastle
n37 RASAP 32 Aug 1964 U8 Oak 3 1 .- 1.3 82 - ™ 50 v 2 0.0 »e Elestie
n37 RAZA.F 0 Aug 196k 46 Oax - 13 Lo 1.5 152 - - 60 . 26 0.0 - Elastic
M13 E.13 36 May 1964 23 Oax -5 9 -3 1.5 65 815 2,632 21 e ad 4] 1.8 0.01 Elastic
w37 MAGA-F 31 Aug 1964 4T Oax 3 12 L 1.7 452 -~ e 200 L 26 0.0 - Elastie
n37 E-T 419 May 1964 S5 Hewthorn 1 7 3 2.0 36 1,139 1,542 160 - 26 1.8 te Elastic
37 NASA-Z 3% Aug 1964 51 oOmk 1 15 - 2.3 686 ™ - %o - 2 0.0 - Blastic
u7 MASA-7 k2 Aug 196 59 Oak - 15 - 2.5 1,500 - ™ T2k - 2 2.0 - Teasion
n37 MASA-F 33 Aug 1964 49 oak [} (] (] 2.7 2,9% .- - 180 L 26 0.0 Lad Compress
Mi13 E-13 355 May 1964 12 Oak 5 15 10 2.8 2,782 5,659 2,990 1,b54 561 20 LT <0 Ok Elastic
n37 L 4 417 mMay 1964 53 Hevtborn 3 15 ) 2.8 1,9% & ,B66 2,082 661 - 26 1.35 T Rlastle
a3 E-13 356 May 1964 13 ok 2 12 10 2.9 2,145 5,3k 5,465 1,493 566 20 1.6 -0.07 Elastic
W37 E-7 420 ey 1964 56  Hewthorn 5 17 10 3.5 .,880 2,096 2,08 895 . 2% 1.6 -0.0k Elastie
(Contlmed) e

#% Xo measurement made.
t Total work not recorded.
1t Instrumentatior failed.




Tabie Bl {Continued)

5 o

Uscs

eed Max {mum Aversge Cone Index 501l Clasaifieation Molsture Content
¢t Longitudinal 0 DT e v v TG STl
tact Acceleration 6ein. i2.in. 18-1n. 2kuin. X-1n. 6ein. 12-in. 18-1n. 6uin. 1oufn. 18a1n.
b g Mode of Peilire layer layer unr layer hnr hEr I_Anr Ei!' layer Layer l:i:r Remarkes
€8, United States !Cmunued[
.2 0.90 :‘n:og.(o:;c)n) 7 518 507 oa L w CL-ML CL 17.8  17.3 18.8  Taproot falled 6 in. below ground surface
.0 Lo Elastic (otem) 312 TO2 750 e (a4 SC-5M ML CL 2.1 7.0 13.8  Undercarriage of vehicle ocraped bark and wood from lower atea
.0 0.15 Tension (atem) s 693 15 oo (3] ML cL cL 12.8 8.0 9-1  Undercarriage of vehicle scraped bark and vood from lower stem
1
.0 ve ':*n:‘l’oé.?:olt) s 550 540 (2] s ML ML L 15.0 12.1 13.5 Taproot failed 2L in. below ground surface
0 L) f:::{o,‘,“(’:g‘) 276 36 519 Ll Lad w Cl-ML CL 17.8  17.3 18.7 Taproot failed 36 in. below ground aurface
2 0.40 x"‘;u‘"ﬁ&) B 3 M e “ W cLa o 17.8 17.3  18.7 feproot falled 2. in. below ground surface
6 tt x::og.?:'gn) 183 287 426 e e ML ML cL 15.0 12.1 13.5  Teproot falled 2i in, below ground surface
Siear (0011) Taproot failed 3€ in, below ground surfece. Main stem fatled
1 Ly Taeion (root) to1 1%0 25 =3 o w w oL 15.0 12,1 13.5 about 38 ft above ground surface
0 1.00 Tension (root) 521 750 750 L] Lad n CLML CL 17.8 17.3 18.8
0 G Tension (root) 253 W 226 Lo L] ML w cL 13.5  11.k 16.1  Undercarriage of vehicle dragged on expoered root bulb
0 L x:‘;o’(‘.?::z‘) 291 350 91 (2] (2] ML CL-ML CL 17.8  11.3 18.7  Taproot failed 30 in. telow ground . *face
t ,“;,",’o,‘,';’,‘},lt, 253 319 387 * . CL-ML CL-ML (L 2.2 16.2  17.5 Taproot failed 35 in. below ground surface
1
) . :f..'fo.f'?:olg) 178 253 75 . - M. cL CL 17.8 17.3  18.7 Taproot failed Sk in. below ground surface
4 e x.'fo.(.'?ﬁilt) 210 28k 38 3 Lad ML w cL 13.2  10.9 12.3  Taproot failed 30 in. below ground surfece
) e No Peilure 329 387 397 Lo d s M CL-ML CL 17.8 17.3 18.7  vVehicle immobilized
» . x:‘;or(,'z’:;:‘) 178 2% 8 e LI A cL 150 121 13.5 Taproot falled 30 in. below ground surface
» - x:‘; ;'2’:2‘) 186 250 Ml - Lo A T, 18.0 157  14.6 Taproot failed 6 1n, below ground surface
i - :::oﬁ.?:-g:) kTR 93 . . M CLML cL 1.8 17.3 187 Teproct failed % 1in. belov ground surface
Shear (s011) Taproo® failed 10 {n, below €round surface, Unde~carriage
== Tension (ront) 166 158 et o i - Cl-ML  cL 6.7 ks 1.0 of vehicie dragged on exposed root bulb
1.20 ,:‘;:;a(,‘?l‘_g‘) 2710 M5 375 es “ LM o 7.8 173 18.7
Led Tension (stes) 286 431 391 L] (2] w CL-ML CL 7.8 17.3 18.7 Vehicle immobilfized
il Teasion (roat) 246 335 388 & g oM cL 15:0 121 135 Taproot failed 2b in. below ground surface,
.- No Failure 206 21 228 Lo d bl ML ML L 15.9 12.1 13.5 Vehicle immobilized
L] Teneion (root) 199 239 328 L] > ML cL CcL 11.5  12.k 15.9  Taproot failed &2 in. deiow ground surface
(2] Tension (root) 261 17 326 Lad (2] ML ML CcL 15.0 12,1 13.5 Taproot failed 18 in. below &round surface
- ¥o Pailure 213 299 356 e L) ML ML CL 15.0 2.1 13.5  Vehicle immobilized
Lad ¥o Fuilure 246 456 cle - - ML CL-ML CL 17.8 17.3 18.7  Vehtcle immobilized
- Bo Pailure N8 483 212 Lad e ML CL-ML CL 17.8 171.3 18.7  Venhicle {mmobilized
. m:oi'?:gt) 233 338 1% L] Lol 8C-SM ML CcL 6.3 7.6 11.1  Undercarriage of vehicle scraped bark ani wood from lower stem
. No Pailure 3312 M8 465 * * ww cL oL 18.6 15.3  1k.8 Vehicle immobilized
.- ¥o Puilure I W48 65 - ] ML CL CL 18.6 15.3 1.8 Vehicle immobilized
Shear (so1l)
. Tension (root) N8 400 401 e Lad 8M.SC ML cL 1.5 8.7 1.1
- ¥o Failure 1 218 213 &9 s BM-SC ML CL 8.5 6.9 6.9 vehicle Lmmobiiized
tes, United States
0.0 Elastic (atem) [ 60 63 8o 87  SP-3M 8P-M  gp.sM 7.3 8.2 6.9
. Elastic (stesm) 200 240 240 290 380 CL-ML CL-ML #e 17.6  13.1  13.0
- Elsstic (ates) 190 220 210 30 500 CL-ML CL-ML - 19.9 1k.7 1k, 3
0.01 Elsstic (stes) 55 €9 76 81 92 HPeSM SP-M  gP.SK 7.6 7.8 1.2
. Elastic (stem) 290 480 490 540 620 CL-ML CL.ML L] 15.5 13.8 JLISY
1t Elsstic (stem) 102 105 90 111 120 ™ 8P-SM  EP.M 3.8 L. 4.8
. Elastic (stem) 170 220 210 280 IT0 CL-ML CL-ML &« 2.8 .8 16.3
. Tension (stes) 210 N0 260 290 420 CL-ML CL-ML  #e 1.0 100 12,5
Ll Campression (stem) 250 320 1% 400 590 CL-ML CL-ML L] 15.3  13.6 1k.5
=0.0h Elastic (otem) 56 92 % 83 9o BP-SM SP-SM gp.9M 8.7 8. 7.9
1t Elastic (otem) 8 85 82 96 1311 s £P-M  gp.sM 3.8 kb 4.8
<0.07 Klastic (eteam) 50 65 67 82 95  SP-SM 8P-tM gp.gM 8.1 8.4 1.9
=0. 0k Elsstic (otem) 8 150 157 % ] 126 =™ 8P-SM M 3.8 i 4.8
tinued )
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Table Bl (Continued)
Puehbar
Trew Sranche Stes Wiz Maximue Height Speed Max Lo
Type tre Tree Crown Diameter cark Ke uired Work Hequired Marimus Ho fzontal Vertical Above- at longttudinal
Teet Teet Tree ‘Common Helght  Height ULiameter L0 in. Atove- t Fail to Overrlde Tractive Pushtar Pushbar  ground  Contact Accelerstion
Vehicie Site No. _MWu. Test Dste _No. __ Mame) n 23 13 ground, tn.  Tree, lb-ft Tree, 1b-ft  Force b _Force lb  Force,lb _ in. sph  __ §  _Modeof P
Hardwood Treee, United Stetes (Ccrtinued)
u37 WA B Aug 1964 55 Oax 7 25 o 3.7 3,724 ” . 1,580 . 2% 0.0 " Shear (eoil)
[ Tension (roo
M113 £-12 W3 May 196k 1 Oak 4 18 Y 3.8 5,71k 8,872 3,601 4,247 639 20 2.6 «0.11 Tension (roo!
M113 E-13 387 May 1964 44 Oak 7 21 12 3.8 5,128 13,498 6,031 1,953 613 ° 1.5 0.10 Shear (sotl)
Teneion (roo
M37 WASA-P 4L Aug 1964 58 Oak 7 se . 3.9 4,876 Lid L 2,570 v 26 0.0 o Tension (ete
M113 E-13 357 May 1964 14 Osk 6 20 12 3.9 6,523 6,698 L, 476 3,264 1,155 1.9 0.1k Shear (s0il)
' Tension (roo
u37 NASA-P bk Aug 1968 61 Oak . 16 L3 k.0 7,i9¢ L 4 b0 2,175 L3 26 0.0 bl Tension (ste:
W13 £-13 %7 May 1966 b Oak 6 ok 12 b1 2,902 b,632 3,765 3,382 . 20 1.5 .0.10 Shear (eotl)
Tension (roo
W13 B3 383 Wy 196k L0 ek 7 2 12 L1 9,01k 11,306 8,650  &,217 LTz 2 8.9 .2.06 Shear (eotl)
- o Tenefon (roo
£) 3 359 mmy 1968 16 Oak 9 15 *e §.2 7,121 15,610 L4226 tt 1,37 20 2.1 -0.20 Comrpreesion |
M37 E-7 421 may 196k 5T Hawthorn 4 20 15 L.3 1,712 1,865 2,101 986 oe 26 1.7 tt lenston (roo
W13 Eel3 372 Mey 196k 29 Ok 9 20 12 bk 1 4,881 4,363 " 619 20 2.8 -0.19 Shear (so1l)
Tension (roc!
M113 E-13 3L my 1966 28 Ok 7 20 12 WS 3,792 4,386 2,833 3,192 3l 20 2.2 .0.19 Shear (eofl)
Ten={on (roo
M37 NASA-P 35 Aug 1964 50 Oak 6 . o 4.8 8,903 . - 3,710 . 2% 0.0 . Shear (sofl)
Tension (roof
M1} E-12 #5  May 1968 2 Oak 3 21 5 L.8 " 20,329 7,01k tt 2,913 20 2.9 -0.50 Teneton (ste:
M1l 13 36k My 196k 21 Omx 6 18 10 L9 4,693 7,559 LT 6,355 620 20 1.7 0.6 Shear (eotl)
) Tensfon (roo
M113) E-13 BL mmy 194 b1 Oak é 20 12 b9 tt tt 13 tt tt 20 Tt tt Tension (ste:
a1y Bl B8 my 1964 b5 Oax 6 18 12 b.g 5,287 14, 304 4,048 3,425 1,513 32 2.0 -0. 14 hear (sc1l1)
Teneton (roof
37 MASA-P G0 Aug 1964 5T  Oak 7 B o 5.0 7.9% - - 2,500 v &% 0.0 v il (eoll)
Tension (roof
M37 E-12 b May 1964 2 Oak [ 21 (3 5.0 9,260 14,735 6,082 3,960 1,319 20 2.5 -0.08 Tension (roo
M3 B 11 Bov 196k L3 Oul2 Lad '] Lad 5 t e Al 3,400 T 9 2.0 o Tenefon (ste:
W13 B3 376 May 1964 33 Ouk 6 2 6 51 4,804 5.e.8 4,615 3,665 613 20 L9 0.06  Shear (sotl)
: Tension (roo
M113 E-13 389 May 196k 46  Oak 7 20 6 5.1 7,765 10,508 5,496 2,623 623 32 1 .ro7 Shenr (sotl)
) Tension (roo
M7 MASASP 39 Aug 196k 56 Ok 7 2 o 5.2 6,161 - o 3,700 . % 0.0 - Mtarf(eotl)
Tension (roo
u37 MATA-F U3 Aug 196k Oak o 20 o 5.3 13,173 v - 4,200 - 26 0.0 o Shear (soil)
: Tenston (roof
M37 E-13 I my 196k Oak 5 7 12 5.3 1k, 266 18,8719 L,k8s 5,528 1,558 0 _0.18 Shear (s01l)
Tension (root
W3 o E-l3 B ey 196k Oak 8 2 12 5-3 21,831 23,055 6,308 8,01 3,186 20 103 -0.b Shear (sotl)
- Tenalon (roof
W3 E13 Wy 1964 b3 Oax 6 B 12 5.6 13,9654 14,510 5,106 3,5 1,29 " 1.7 0.0 Shear (s011)
Tenslon {roo
M3 £-13 %3 May 196k Oak 5 2 12 5.7 10, 804 11,178 9,167 4,990 2,058 2 1.2 -0.20 Shear (s011)
Tenslon (roof
M3 E-13 39 May 196k % Oak 7 22 12 6.1 33,63 42,809 6,226 10,596 3,599 0 104 2.oB shear (sotl)
B Tencion (roof
M3 Bel3 %2 May 196k 19 Oak 7 21 18 6. " ' " t " 0 " " Shear (sotl)
MLl Tension (roof
3 E-12 W6 May 176k & Oak L5 24 15 6.3 37,512 58,010 11,086 . 2,198 <0 3.8 0. 40 Tension (roc
M3 Bel3 375 May 196k 32 Oak 1 w 12 6.3 8,100 8,401 5.98L 7.3 L1y " Sheur (s011)
' ' Teneion (roo
K13 E-13 92 my 196 b9 Omk 12 25 12 6.3 1178 7,907 7,221 4,5% 164 ¥ 13 0.18 Shear (so1l)
2 ’ ’ . e Teusion (roof
Mi13 .13 7% My 196k 31 Oak 6 33 12 €.5 31,309 L.,093 12,025 - 1,952 20 " Snear (s01l)
B » 3 Ten-ion {root
M3 E-l3 300 Mey 1954 3T Oas 3 25 i2 6.5 4,193 2,676 7925 13,728 2.9, 0 1l gy hear (so1l)
: Tension {roo
Wiy iz W8 My Lpb 6 Oax 6 7 6 6.6 19,752 23,573 7,215 €407 9™ 2o ol .3 Shew (soll)
. ’ Tension (root
M113 NASA-B T Nov 196k 52 Onk 16 1% 18 6.7 ' »e . 7,90 1,700 b .0 o Tenslon (stes
M113 NATA-A 1 Moy 13k 5  Oak 8 % 18 6.8 ' . v ' 5,750 1,200 56 0 o Jear (sotl)
' ' . Tension (roof
W13 -l BT My Ik 5 Oa 6 q 18 6.9 10,923 13,013 6,535 4,2k 2,805 20 .y o.j0  Jeer (so1l)
’ 4 . i Tenslon (roof
M3 Bl %5 My 1k 2 om 7 2 18 7.2 10,560 o 8,871 10400 1,9% 0 0 0,35 hear (s01l)
! Q ’ : Tension (roof
{Continued; 3

**  No mresvvesent made.
t Total work not re.orded.
tt Inetrumentation failed
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Table B (Contiiued)
uscs
Speed Mox tmum Ave Cone Index 8011 Classification Moisture Content, ¢
at Longitudinal » to be to - to - - - - - to To - to Py
Contac® Acceleratiom ) 6-1n. 12.4n. 18efn. 24.qn. -1, 6-tn. 12.4n. 18-1n. 6.4y, 12+1n. 18.tn.
wh gz Mode of Paiiure layer Layer layer layer Layer layer layer layer layer layer lLayer Remarxs
Irees, United States !(:ontlnued[
Shear (sofl
0.0 (1 TennloSI (rot)Jt) 150 160 13 190 320 CL-ML CL-ML 4 19.0 17.5 17.6
2.6 ©0.11 Tension {rot) 43 61 T 83 95 SP-3M JP-M  gp.3 7.5 1.6 6.7
Shear (so11) . R 4 ntire
1.5 =0.10 Tenstun (root) 61 73 71 =< 78 SPeSM SP-SM  SP.aM 8.1 6.9 7.1 ‘h'::o‘f':l Off 10 slde and vehicle d14 not override the en
0.0 .- Tension (stem) 80 120 160 2% o Cl-ML CL-ML Lad 13.9 12.5 13.8
Shear (so0il) Stes feil 1nst & neighboring tree before contacting the
1.9 <0. 1k Tension (root) 52 70 67 7 8 SP-3M  SP.SM  Sp.an 8.7 8.1 7.9 prear e s s neigh ng ing
0.0 o Tension (stem) 160 220 210 31 4o CL-ML CL-ML L2 12.0  10.0 9.4
Sheer (soil)
1.5 =0.10 m.nuor(. (root) 55 70 67 68 8s SP-% SP-3M  Sp.aM 7.4 7.8 7.2
Shear (so01l)
8.9 -2.06 .hmm(‘ (root) 50 70 6 T2 92 SPe3M  SPeiM  SP.M 5.1 5.8 5.2
2.1 -0.20 Compression (stem) 60 T 9 5 90 SP-IM SPeM  sP.y "5 8.0 A
1.7 Tt Tension (root) 81 130 102 9% 100 e ] SP-3M  Sp.om 1.5 Lok 4.8
Shear (sofl) . B
2.4 =0.19 Tenaton (root) P14 67 ™ 85 92 SPeSM  SF-M  spuaM 9.6 7.1 7.1
Ghear (s01i
2.2 -0.19 .Mm“(‘ (rog‘) 59 78 78 83 92 SP-3M SPeSM  gp.gk 9.6 11 7.1
Shear (so1l)
0.0 oy Tension (root) o 550 540 540 €10 CL-ML CL-ML bad 2.8 2.1 13.6
2.9 =0.50 Tension (stem) 43 64 76 ™ £t SP=5M SPeM  5p.oM 7.5 T.€ 6.7
Shear (sofl) 2 Tres fell off to side and veri e 114 not overriie the entire
1.7 0. 14 Tenston (root) 55 Th 76 i 88 SP-3M SP.0M  SP.uM 7.4 T.¢ 7.2 =L
AAd AAd Tension (stem) 63 T0 63 7 90 SP=GM  SPe3M  SP.gM 5.1 5.8 5 ‘tem falied st pushier height and fell forward 1at0 another tree
Shear (s011) Y Tree vas entirely uprootsd and iragge : beneath vehicie for s
2.¢ -0. 14 Tenston (root) 53 78 kel 56 162 SPe3M  SPeSM  SP.oM -5 o.3 T.1 distence of 3.0 1
3 Shear (sofl) ; .
.0 " Tension (root) 130 150 210 260 30 ClaML ClL-MZ Lod 7.3 12, .7
2.5 «0.n8 Tension (root) 4s 67 65 65 76 SP-SM  LSPeSM  SPaM 7.5 7.0 6.7
3.0 o Tension (stem) sl 290 3le we we SCeiM ML CcL 5.k 6. C.8 Stem faflet {1 tension . 1t above ground surface
Shear (soil) r -
.9 «0.06 Tenston (root) 41 88 k2 124 CSPeiM  SP-SM  SpagM .6 7.7 7.
Snenr (s011) ’ 3 §
.8 «0.07 Tenston (root) bl 6h Th B4 100 GP-SM SPeM  Sp.aM 5.1 6.y 7.1
Shear (sofl) . ]
.0 e Tension (root) 200 220 210 200 e Cl-ML CL-ML L] 7.0 .32 LS
Shear (sotl) ; v -
.0 Lid Tension (root) 190 210 200 S0 #5G CLaML CL-ML Lad < 23 JL]
dhear (soil) 3 F 5
2 -0.18 Tenston (root) 51 T o7 &9 50 SP-aM sP-sm spw N3 g1 7.
; Shear (soil) — . .
3 -.b1 Tenston (root) 59 80 78 -1 * PoedM  SP-M Spogm t Sor B
e 1l - - "
7 -0.60 Te:-ioil?rot):t) 53 65 5 9 126 SF-M SPe:M  SP.iM AU 1) T.o Tler appenret irfecte: 4t btace
Shear (s01l) - " 1 g .
2 «0.20 Tension (root) 48 [ 2] 1 23] Po SPeM  PaiM Sl B IE: T.¢
y Shear (:o11) . . . &
4 -2. 28 Tenston (root) " 73 7 1 SP-3M  P-aM  ip.M t. s 3
Shear (s011) . N . Tree feil uff 0T sfie ang vehlcie iy T Vel e ‘he eetire
WY Tenston (root) 51 67 T 80 M SPeM SFew spox ¥. /] Ty
¢ +0.40 Tension (root) 50 70 Th a1 >* SPeiM  FalM  uP.M t. 7 i
Shear (sofil) . . b e -
2 te Tenston (roct) bl 75 0 3 SPeiM SP-3M sRest -6 7.7 7
Shear (s.ii) - . v - B . A
3 =0.18 Tenston (root) 70 97 L= 1 P-M  SPeSM  cpoy B e,
Shear (soll) 3 . - = z a
" Tenston (root) oo 76 iic " FeM P spun o T7
: 191 x::ar().?:;):t) 65 74 73 F o SPeIM SFeM Spaw ¢ 3 4 Tree fallet s It above wrunt arfece w o fe | P oveb cie
. hear (so0il} ’ P B ¢
L. 0 Tenson (root) . 23 2% P e SPelM SFeiM  pey e 7. «+  Tree appenrei t be infectet
we Tension (stem) <ib T5 7L oo X SCe ™ 1 cL ‘ 7.
Sheer (soff} . )
o Tenston {root) 165 11 Lot o o L3 CL-ML ¢ it i
thear (sofi) : oy . 3
0. 30 Tenson (root) L3 [3 T 1o SFe™  Fom PaM t s i
Shear (s011) q & i . . 1 Tree sa antirely uprooter erc pag teneath sehic s for o
=0832 Tension (root) 0 o ’ g 95 SP-M sFed pew s R ) = B SR
]Contlnued)
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Table Bl (Con®i~ued)

Pushit
Tre~ Branche Stea Max {mum Max {mun uﬂ‘h:r Speed Max {eum
Type ine Tree Crown Diameter Work Fequired wWork Required Maximum Morizontsl Vertical Above- at Longitudinal
Test Tree “eror. Helght  Height Diameter « in. Atove- to Fail t Cverride Tractive  Pushbar Pushisr  ground Contsct Acceleration
Vehicle Slte No. NG Same T ft re fround, in. Tree, lift Tree, 1b=ft Zorce,lb  Force,lb  Purce b 1n. aph £ Mode ¢
Mardwood Trees, Unite? State. (Continue
LX) E-13 90 May 1Rk kT Oax 6 25 w 7.3 16,159 23 9,891 8,801 1,615 1.8 «2.40 ?,::Io.(.'
M3 B2 W9 MNay 1%k 7 Oak Y =1 20 1.5 2,910 33,268 11,048 11,977 3,195 2 2.3 0.3 if.:‘;o-ﬁ'
Wiy o k.3 358 May 1ok 4F O 6 E 20 7.0 55,087 81,198 15,5% 12,018 3,566 2 1.5 0. ::.:Io-(a'
LSS ) b 13 378 May 16k 35 Omk 7 55 15 7.8 88,28 50,808 8,090 21,672 6,513 2 1.4 «2.20 Tension
W13 Eei3 193 My 196 S0 Oax 6 2 2 7.8 17,119 62,125 1,58 7,695 1,380 11 -0.23 ,f;:‘;of"
M3 Eel3 3B May 1996 25 Oak o X 8. 17.090 19,768 2,910 7,0 2,08 0 0.9 .20 Sewr
Wl Rl 391 May 196k &8 Omn 6 » 24 3.3 8,125 8,866 9.758 8,30 1,318 w ) <1.08 z:‘;o‘("
wai 2 Kov . - Shiur
3 masaa 1966 54 Oak 12 23 8.5 t Ll 8,900 2,550 % ¢0 i Tenston
K13 B2 350 May 1964 B oux 8 12 8.6 21,029 22,35 1,57 10,9m a2 e 0.3 Jhear
M1y B3 1S May 1k L2 Oak 7 2 a 8.6 %,679 105,55 11,58 12,515 2,552 % 2.1 258 Tse)::‘l'm(\'
[LIVE) E-13 W 1966 39 Omk 7 25 18 9.0 85,656 65,518 11,90 23,846 5,805 20 8.y -2.00 Tension
W13 Bd) 30 Wy 196 17 om 6 - 18 9.3 35 heh 50,982 1,686 13,159 2,077 B 2.3 -0.58 i’::‘;of,'
W13 B3 %s My 196t 2 omk 6 X 9.4 83,539 62,948 15,002 16,080 3800 o L7 oy e (
Shear (
Mii3 B-13 3% Mey 1966 51 Omk 10 2 10.2 11 " 137 11 " » te e Terson
W13 B2 3k my 1966 11 omk 5 " 10.8 35,119 45,755 16,866 15,00 2,5 20 13 060 e (
W13 B-l3 370 May 136% 27  Oak 10 3 18 1.4 55,903 88,452 16,838 20.617 2,88 20 2.2 278 fi‘::{oﬁ'
W13 } ¥ %2 MNay 1968 10 Onk 9 33 20 1.5 T " 17,018 e (23 0 tr e
W13 g-12 353 May 1964 10 Omk 9 33 20 11.8 B4, 0066 107,882 13,303 35,800 L9 2 5.0 <0229 :’:::of.'
w113 E-l3 95 ¥ 196k 52 Oak ) 0 18 12.9 Tt [T 16,885 Tt 16,65 3 2.0 T
a3 E-13 3% 96h 5 Omk » 18 12.9 " 103, Job 17,112 T " 3 9.0 . 39 f':::‘;o'(“
wordwoud Trees, Thailand
W3 SVe8el 53  Sept 1965 3T Mieng 7 9 ] 1.8 221 " 1 188 $3 20 1.7 0.0 Elastic
Mi13 5V-8-1 1 Sept 1965 1 Nisng 6 9 H 2.0 299 " " 116 T2 3 2.2 " Tension
[0 %] 5Ve8-1 8 Sept 1965 9 Hieng S 12 ) 2.0 30 (1 " 1% (¥ 2 7 tt Campress
M3 SVeBal 7 Sept 1965 $ Risr o 10 12 b 2.2 08 11 te 16k [¥] * 1. 6.0} Einstic
013 SVaSel 2 Sept 1965 2 fieng 6 15 2 2.3 133 T T 10 [33 3 1.6 ’t Tension
W13 5V-8«1 23 Sept 1965 16  Mieng 12 15 ) 2.3 195 " 1,603 808 " 3 2.1 " Compress
113 5V.8.1 ¥ Sept 1965 26 Rieng 10 18 ) <7 1,670 1,88 2,8% 718 1k6 » 1.9 G.0e
W13 VeBal 62  Sept 1965 60 Yieng 7 15 9 2.7 2,750 (23 T ™0 3o 20 2.¢ Tt Elastic
Wil SVedel 1 Sept 1965 3 Hieng 13 17 6 2.9 1,239 6,195 5,053 516 220 » i " Tens ton
v . 3 . ;s “heer (s
W13 SVuBal 26 Sept 1965 11 Hieng 6 20 2.9 1,858 " 1 399 02 3¢ 2.1 T Tension
- Se 3 Shenr (
Wiy SVeBel 6 Pt 1965 9 Rieng 8 21 [ 3.1 1,797 " " 651 w2 ® 1.8 " Teiston
Ves.1 sept | . 2 Shear: (4
M1} 5¥-8. 29 ept .25 Hieng 7 15 5 3.3 2,713 (1] 3,858 1,305 [31.] ¥ 1.7 0.03 TEmaton
W13 SVeBal 10 Sept 1965 Hiang 7 18 12 3.5 2,150 ~ 1. 306 L1T0 M3 v 16 0.0k Shear (¢
Tension
W13 SVeSel 3L Sept 1905 35 Hleng “ 15 b 3.9 3,29 7,719 2,785 1,167 318 3 G : Oh ::ﬁo.(.'
W13 SVe8-1 59 Sept 1265 57T  Hieng 10 18 3 3.9 3,073 9,95 2,858 1,260 583 2 el 0.01 c';'.f.:o.(a'
Mi13  SV-S-l 5 Sept 1965 B Hieng L 5 9 . 4, Te 5,6% 2,11 e ¥»0 3 0 0.08 ;’.’::o.(,'
She
W13 SVeS=l 16  Sept 1965 12 Hieng 5 a 4 w0 3,800 7,35 3,955 1,408 I ¥ 1 .10 Trn::os(:'
W13 SVeS-u 27  Sept 1965 5 Hieng 7 a 1 .0 1,763 5,350 3,38 1,845 1,510 % 3 0.1¢ Miar (i
’ e K Tenslon
V.81 Sept 1965 2 . 2 ﬂ )k Sear (1
M3 5 Sept 1965 3 ileng 7 i [ 6.0 9,67 " " 1,613 600 e o8 Teston
a3 5Ve8-l S 3ept iS5 55 Hieng 7 o 7 %) o, P 5,500 . 6t o o82 n1 20 o 0.11 ;’::{“(l'
(Contlnued) .

**  No measuresent mmde.

t Total vork not recorded.
1t Instrumentation failsd.
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Teble Bl (Continued)
Speed Max {mum Aver: Con. Index Sail Classifiestion Moiztype “ontent, §
st longitudinel ) - to - to - to Ca to - 1o 0 ¥ ace to
Contact Acceleration 6=tn. 1°etn. 18.tn. 24.1n. Y-1a. 6ein. 12-tn. 18etn. buy. leeln. 6oy,
" apb g Mode of Failure Layer Layer hcr %-_ l:[er r layer mr h!:r !.-cr Layer Remp - o
od Trees, United States (Continued)
Shear (soil)
1.8 «2.%0 Tenston (root) 61 83 76 96 115 SP-$M  SP-SM 5P L% S 1 6.1
Shear {so11) A i
2.3 -0.39 Teaston (root) 83 9 102 100 SP-IM P BP.3M 6.8 5. A 5.2
Ghear (sofl) 2
(%] 0. 3 Tenston (root) 63 66 83 95 SP-3M  SP.oM SP.an &8s & T
1.4 «2.20 Tenston (stem) &7 6y T2 i 89 BPeIN  SP-SM  SP.3N e 7.7 T-L Tree faliel at pushiar hrignt ard feil or. top of veh'-le
Thear (sofl) ,
1.1 «0.23 Tension (root) 59 & 87 9% 100 SP-SM  SP.3¢  sp.se & e (]
Svear (soll) =
0.9 <«0.20 Tension (root) ST mn I$) 9z 107 SP3M GPeSN  SP.3 T3 ] 5.9
Shear (so1l) )
1.9 «1.08 Tenston (root) &2 62 83 91 9% SP=SM  SPeiM  Sp.oM 6 6.5 6.
Shear (sotl) P
o0 * Tension (root) s 162 118 L - | - oL 2.0 s,
Shear (so1l) i
1.4 -0. 19 Tecston ( ) a7 €7 83 104 SPeOM  Sia9M  SP.3M €.8 g
= Shear (sofl) 5 )
Z.1 2. 5k Tenston (root) 67 97 o 112 SP-SM  £P-SN  SP.3m S ]
8.9 -2.00 Tenitcn (stem) 58 75 o) 91 108 SPaSM SPe3M  SP.oM 6.8 5% y anr:;;'v.:n: in. above grouni surfece and el foreard int
Shear (sofl) .
2.3 0. 54 Tenston (root) W8 67 7 83 103 SP<iM SPeSM  SPuaM LK) T
Shear (sotl)
1.7 0. 4T Tenston (root) 52 81 9 10k 5P-3M SPeSM  SP.iM X T1 T
Shear (so1l) . P 4
tr e Tencton (=00t 59 81 H 1 129 SP-IM  SP.t™  gpuM 61 e e
Shesr (s011) Q
1.3 «0.60 Tension (root) 61 83 2] 93 95  SP-SM SPeSM  SP.qw A e “
Shear (so1l) |
2.2 0. 70 Tenston ( ) 62 86 E 101 109 SPeSM  SP-0M  BP.gM I 7. far
" te L Y 83 89 10 100 SPe0M 5PefM  SPagM 6.8 5.8 v Vehic.ie (omobl.{re
Shear (so11) bV i) o
5.0 <0.29 Tenston (root) (] 83 89 102 100 SP-M SP-SM  gp gy €. 9.8
2.0 " oo 63 107 155 175 185 SPSM  UP-I  p.an .1 5.8 5 Vehlc.e ‘mmob(lize:
h Shrar (soll) ! . o
9.0 <. 309 Teaston (root) 63 W07 155 WT 185 SP-SM 5P.SM SPaiM 5.1 5. Vehlele immot{ilie:
fandvood Irees, Thsllsnd
1.7 0.0 Elastic (stem) 115 195 186 157 163 o™ CL-M1, . 1e.4 iT.c 15.4
‘ehlcie hull contactet ster el re the pushre ompletas
2.2 1 Tension (stem) 161 21 215 .o L4 ™ CL-ML o - i ol the ctew fal ure
1.7 te Compression (stex) ;85 269 246 ee .o ] CL.Mt, v 5.6 s, ie.
1.4 0.03 Einstic (stem) 201 200 137 ) LO N CL-ML A 15.¢  is.9 L7
1.6 = Tenston (.\.-) 18 2% e P - ™ -t . o~ = - "'t’:.: -‘::A;n‘vr:; ted ster tefire the pushter ha y et
2.1 te Compression (stex) 1% 196 169 1% 176 ™ CL-ML L 6.8 o e SR nppeares ' be infectel at Luge
i.9 0.02 o L3 o .o .o .. M ClaML ' .. o .
2.0 te Flsstic (.‘”) L3 .. (3 () .. oM CL-ML .. .. .. ..
1.6 T Tenslon (stem) 166 214 17 e s E Cl-Mz. s hd - =
. U m:‘;o’("‘(’mv) 199 192 e A (34 M CL-M1, had T 158 15.9  Tree appeare! 1o be {nfe~tey
Shear (so11) ¢
(.8 tr Tenston (root) 191 248 163 o ce E CLWL Lo .7 5.9
Shear (sotl) )
-7 0.03 Tension (root) 166 19 a1 216 201 ™ CL-ML o T 1t e
Shear (sofl) N e | .
.6 0.0k Tension (root) 187 2 212 172 160 oM CL-ML oo 8 T
Shear (soll) )
4 0.0h Tenston (root) 163 J 152 2% 37 ™ CL-ML e 1@, it.7 -
Shear (soll) N .
Y 0.07 Tenston (root) 184 196 135 182 169 o CL-ML .o -t e U
.0 0.8 Shesr (s011) 186 268 194 se Lo ™ Cl-at, 3 w1 S botire crown was VPrridden ‘ue tC short teparture iane
Tenston (root)
Shear (sotl) 3 ] &
1 0.1 Tenston (root) e 201 208 v L4 ™ CLeML . o i “.t
Shear (soll) “
0. 28 E “ -
! 12 Tension (root) 18 2 182 1o i M Cl-ML oo 1T ar L
Shear (so1l) ‘.
1 . : s " 7 -
0.06 Tenston (root) 199232 191 W3 r M ol e Wy s Ang
: Shear {so1l) - A ) ., 2
6.13 Tenston (root) 179 M8 275 283 R ML ee W.r T 5]
(Cortinued)

(Tair 2

hect. )
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Table B {Concluded)

Pushtar
Yaximm Maximm Neighs Speed

Tree Braach- ftea Max {mm

Type ing Tree Crown Diameter Work Pequired Work Required Maximwr Norizontal VYerticsl Above- at Longitudizal
Test Test Tree (Camon Height Beigbt Dimseter L21in. Above- to Fail to Override  Tractive Pushbar  Pushbar ground Contact Aceelerstlon
Yebicle Site No. M. Test Date o, _ Name' T — £ ground, in. _Tree, ib.ft Tree, 1t-ft Force,ib Porce, lb  Poree b  in. mph £ Mode

Nardwood Trees, Thailand (Conmtinued)

W13 V-8l 22 Sept 1965 22 Mlens 12 2 ¢ w5 2,9% v.61 N8 2% e 2 22 0.09  fhear (
W13 5V.8-1 60  Sept 1965 S8 Hieng 9 21 8 .5 " " " e " 2 " " ;-:::m(,
W13 SVeSel 11 Sept 1965 1h  Niung 9 24 5.6 5,818 7,806 L6688 2,657 T22 » 1.9 0.12 1::«(.
u3 5Vesal 9 Bept i9%5 10  Nieng 7 33 b7 8,533 1,500 2,b17 2,893 m » 1.4 0.12 :‘:::m(,
u113 SVe8-1 19 Sept .45 R Hieng 5 15 12 8.8 3,852 22,069 3,806 1,618 493 3 L7 0.15 :::;m(:
M3 SY-8-1 k0  Sept 1965 &3  Hieng 15 » 10 5.8 3,500 &,210 3,092 8,313 1,011 20 1.9 0.12 Compre
M1} SY-8-1 55 Sept 1965 53 Mleng 9 25 12 .8 8,23 5,79 3,53 262 L9 20 L7 0:2% :::;oi
i3 SVaBal 20 Sept 1965 33  Mieng 8 7 8 b9 7,83 1 3,021 992 {3 » 2.1 0.08
W13 SVeS.! 61 Sept 1965 59  Bieng 10 Py 7 8.9 8,700 8,090 L6 2, a8 2 2.1 0.10 :‘n::;
M3 5¥e8-1 21 Sept 1965 23  Nleng 10 71 u 5.0 6,029 7,248 5,855 2,V T20 » 2.0 0.10 ;,"',,,‘{,(,
W113  SVeBl 35 Bept 1965 36  Rieng 10 25 10 5.0 9,179 17,86 8,13 2,90 1,165 2 1.9 o:18 ;?n:;u(l
K3 SVe3-1 B  Sept 1965 AT  Rieng 8 27 6 5.0 5,400 11,050 5,560 3,60 %03 20 2.0 o8 w3
n113 V8.1 Sept 1965 23 Nieng 1 3 1 5.1 7,1% 9,100 t ft 1,29 » ° fit :‘:::oi
KI13  SvS-l 5 Sapt 1965 52 Rleng ] 2 8 5.1 8,453 ,188 SA63  SM1 2,5% 2 2.0 o.00 fum i
w13 SV-fal 13  Sept 1965 19  Eieng T 0 8 5.6 6,621 24,555 8,846 7,040 816 » 1.7 0.16
w3 SV-8-1 39 Sept 1965 &k  Nierg 15 2 [] 5.8 11,220 18,150 &,606 5,00 988 20 2.0 0.16 x::;
M1z SV.8-1 ST Sept 1965 56  Rieig 10 20 9 5.2 6,506 13,525 8,350 5,682 938 20 2.1 0.21 m;
M113 SV-8-1 58  Bept 1965 5%  Hieng 12 k] 13 6.0 14,723 18, hoh 10,957 6,590 1,080 20 1.6 0.22 :::;oi
u113 §V-8-1 1T Sept 1965 21  Hleng 10 271 5 6.1 5,440 1,952 5,153 3,956 589 » 2.0 0.16 ::«‘.
M113  SV-8-l Sept 1965 &1  Rleng 10 25 5 6.1 6,7% 8,96k 2,815 4,03 612 20 1.7 0.06 :::{;
M3 SVeS-L Bept 1965 13 Mieng 9 B 64 14,435 20,166 5.3  sa0  1a® ® LT o6 e §
M113 SV-8-1 15 Sept 1965 18 IRleng 10 3 8 6.4 8,600 9,701 h,061 8,785 667 2 1.8 0.19 :’::{ci
M1} 5V-8-1 &2 Bept 1965 &0  Bleng 7 28 5 6.4 9,%3 22,715 6,420 3,612 1,350 20 2.0 0.19 :’:{u(.
n113 SVeB=l  JT Bept 1965 &5  Rieng T ] 8 6.7 10,175 15,957 6,423 6,929 1,870 20 1.9 0.27 Teoaton
Mz SVe8al 3% Bept 1965 k2 Nieng 9 0 r 1.2 12,892 17,649 1,258 6,512 925 20 1.8 0.31 :::{m
sy 5Va8al b Bept 1965 &  Mleng 8 * % 1.3 12,686 18,017 9,749 9,263 1,015 » 2.2 0.2 ::‘::oi
w13 SV-8-1 18  Sept 1965 A Hiens 7 k] 1 1.4 15,018 s¢,385 6,045 5,497 2,040 » 2.5 0.24 er:: :
Ml13  SVe8-1 3B Sept 1965 46  Rieng 9 ? 8 7.4 18,613 *,197 7,168 10,533 1,85 2 2.3 0.57 :":1.051
u113 SVeB-1 A8  sept 1965 A8 Mieng ) 25 1% 1.9 14,932 1€,513 1,959 1,121 1,481 20 1.8 0.31
13 5VeS-1 b1 Gept 1965 3B Rieng 10 2 16 8.0 26,588 93,331 16,942 7,961 2,096 20 2.1 0.33 ;'",‘:‘,3
n13 5V-8-1 16 Sept 1965 20  MHieng 12 L} 2 [N} 23,650 27,056 7,652 7,555 1,896 2 2.3 0.26
MIL3  SV-8-1 49  Bept 1965 49  Nieng 6 2% 15 8.8 5,300 " tt 11,6% 1,8% 20 1.9 0.42 e (
M113  SV-8-1 &3 Bept 1965 ¥  Mleng 15 15 16 9.1 " " 1 " " 20 t e find (
MI13  SVe8-1 52 Bept 1965 61  Nieng 2 2 12 9.1 25,650 55,506 13,509 1b,947 3,31 20 2.2 0.73 :T.:i
M3 5Ve8a1 2h  Bept 1965 15 Nieng 10 113 1 9.6 t tt "t 1" 1" 3R 1] (13 Compre
K13 SVeS-l 33 Sept 1965 0 Mieng 8 0 1 9.7 26,85 0,522 12,071 ab,5e3 1,298 @ 2.2 o =
w13 SY-8-1 30 Sept 1965 SI  Rieng 15 3 20 10.0 50,582 101,238 21,60 17,248 &,150 20 1.7 0.62 :::I
a3 SVe8-1 51 Sept 1965 50  Mieng 20 s 10 10.7 82,39 101,796 18,38  21,%1 b4z 20 34 0.99 ;?,,::
M3 SYe8-1 W Bept 1965 29  Nenw 11 s 15 13.0 46,680 150,544 16,59 17,86 &,296 20 L5 0.72 ::::

% RBo seasuresent made.
1t Instrusentation fslled.




Table Rl (Concluded)

Speed Max lmum Ave Cone Index S0li Claseificetion %.isture Content
et  Loagitudlosl A -t 1E- . 3 T Y
Coatact Accelerstion 6-10. 12-te. 18.fa, .h-fa. 30-la. 6efn. lzeln. 18-1s, 6-in. I2.tn. 18-n.
= s Hode of Petlwre layer layer lajer fer  layer layer layer layer Lager loyer Ljer Remnris
Trees, Thailand {Continued)
2.2 0.09 :"M‘:‘f"‘(’:&’ 159 213 200 455 186 S CLML e 18.0 1.2 17.0
% t :::’;;"(’:2‘) B s e p e m eew ** % & Eatire crova vas not overridden due to short departure lane
1.9 0.12 :“"'J"z’:}x’n) I8 20 176 159 188 s L e 162 167 164
L e P W9 N5 M3 e W @ e B s 11 160
- N ;.:::u('.?:;)n’ i e M e B ek 0 118 168 T {0l Off to etde ant vebtcle 814 not overvide the entire
1.9 0.12 Comyression (stes) 159 153 172 184 192 ] CL-ML & 11.8 22.5 15.3
1.1 0.2 :‘:’l’;"(’:&) M9 AS 2rs B3 2R m LML s Wy I3 159
2.1 0.08 o 116 206 160 111 10 W CLML e 162 164 165
2.1 0.10 :"u""a("?:g‘ ) “w s v - o M LML e o e -
2.0 0.10 :;“: u("?:;’" ) 191 202 16k 119 195 B CLML e 18.0 17.2 170
1.9 0.10 ;.‘{4"(’,2” 168 166 155 137 150 BN CLML  e» 155 157  16.2
2.0 0.18 x“:og'a’,;’n) 133159 150 185 262 s cLML  ee w1134 160
2.0 1" :’:“L‘f'?:z" 166 196 21 216 201 MM cLa e 11Tk 16
2.0 0.2 :’:’;u(l'?:&) 112 1% 199 27 A3 M Gl e 7 T3 15.9
1.7 0.16 o I 21 21 187 191 M cLew e 16.6 16,0 149
2.0 PR 1Y ‘::::u(:.z:'gt) 158 162 164 159 181 M cLML e 1.8 22.5 15.3
2.1 0.21 :n::o:.?:&) 179 248 215 283 294 ™ CL-M. L4 1.7 17.3 15.9  Entire ervwn was not overridden due to short departurs lane
1.6 0.22 :::;'2’:3" 112 196 19 227 A3 M cLuL e T 173 15.9
2.0 0.16 :‘::{og"(’:z‘) 137 170 18 1T 173 S oL ee 6.6 16.2  15.4
1.7 0.06 ;:{;‘?:3‘) 199 179 160 17 162 o CL-ML o 16.0 17.1 8.7
1.7 0.16 ;:{o’(l'?:;’n) 10 193 118 159 187 = Ci-ML o 16.2  16.7  16.4
1.8 0.19 :::‘;;“(:2” 116 167 1% 16 183 o e 154 166 1k.2
2.0 0.19 ;::u(l.?ll'gt) Wh 136 155 203 ITS 8M cLML  ee 160 171 18.7
1.9 0.2 Tenslon (reot) 1% AT1 192 180 186 @ CLML e 15.6 18,3 11.9
1.8 0.31 ;’::’;u("z:gn 159 161 I 128 135 SM CLML  ee e 25 1s.3
02 0.32 ::::u(:'::&) 152 192 21 e M L e o e -
2.5 0.24 :‘:“{;"‘(’:20 WA IST I W3 193 DM Gl e 6.4 164 17.9
2.3 0.47 :‘:A"(’:&) 125 143 1% a1 185 M CLML e 15.6 18,3 17.9
1.8 0.1 . 18 139 188 248 235 MM CL-ML  ee 1 1TA 6
2.1 0.33 ;’:{;'2’:2‘) 1200 120 131 153 179 8M CLML e 16.0 1.1 18.7
2.3 0.26 . 157 21§ 2% 210 215 - CL-ML L] 16.6 16.0 14.9
1.9 0.2 :::;w("‘(':;’n) W2 19 2 26 22 M cLeML 17,0 174 160
t " :’u"l’u(l'?:&) 18 130 10 13 19 B4 CLML e 15.6 18.3  1T.9
2.2 0.73 :::u(x'?:gm) fTTY 162 207 173 168 Cl-ML  #e 17.1 178 16.1  Undercerringe of vehicle drageed on xposed root bulb
LAl " Compresslon (stem) 167 20k 165 153 169 ™ ClaMl  oe 16.8 164 16,2 Stem sppeared to be Infected st bacze
0.59 :’:{;‘:ﬁgn W6 223 221 193 1% M ELKL & 164 159 164 Undercarriape of veiicle drussed on expossd root bulb
0.62 ::{u(‘“(’:g : WS 166 W 22 2 M L e 1.1 178 16
0.99 :ﬁeﬁ'?ﬁi) 175 198 214 FEX] 219 ™ CL-ML o 7.1 176 161
0.72 mov(n.::;)n) 175 241 211 199 209 ™ CLaMl,  o¢ 16.4  15.9 16.4 ":’:"l":;:lon of tracke reised off the ground to cowplete
(2 of 8 sheeta)
|
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Table B

Summary of Distances Reguired to Fail [rees

Tree Stem Diameter Distance Tree Sten Dianeter Jistance
Test lin. (Commor MName) in. bt Test No. (Common Name) in. __ifs
20-in. Pushbar Height 26-irn. Pusktar Height
3L Hieng 13.0 6.70 1 Pine 1.8 3.70
35 Hieng £.0 3.90 5 Pine 4.1 L.20
36 Hieng 7.2 k.30 6 Pine 237, 6.10
37 Hieng 6.7 7.75 7 Pine k.0 4.00
38 Hieng 7.4 L.10 8 Pine L.5 5.4ko
39 Hieng 5.8 5.50 9 Pine 3.5 3.50
Lo Hieng L.8 2.10 11 Pine =5 5.20
L1 Hieng 8.0 L.30 12 Pine L.1 5.40
Lo Hieng 6.4 k.70 13 Pine 3.9 5.50
L6 liieng €.1 2.20 1b Pine L.8 6.20
L7 Hieng 5.0 3.30 16 Pine 3.5 5.80
L8 Kieng 7.5 8.10 17 Pine 3.6 5.80
Lg Hieng 8.8 L.10 19 Pine Due) L.8
50 Hieng 10.0 5.50 20 Pine 2.7 10
51 Hieng 10.7 6.50 21 Pine 5.0 6.90
52 Hieng 9.1 4.80 22 Pine 3.2 6.20
sh Hieng 5.1 6.70 23 Pine 5.3 4,90
55 Hieng L.8 3.50 26 Pine 2.2 6.50
56 Hieng 4.3 3.20 27 Pine 3.4 5.40
57 Hieng 5.8 2.80 30 Oak 1.5 6.90
58 Rlerg £€.0 5.40 31 Oak It 6.60
59 Hieng 3.9 2.60 3L Oak 2.3 5.40
61 Hieng L.9 3.22 38 Oak 3.7 6.60
(] Hieng 2.7 6.80 39 Oak 5.2 5.30
16 Pine 6.1 6.00 Lo Oak 5.0 7.30
17 Pine S, 5.30 L1 Cak 3.9 0,10
10 Pine 5.5 5.Lo L2 Oak 2.5 L :n
19 Pine 7.9 5.60 43 Oak 5.3 7.70
20 Pine 6.4 5.50 L Oak 4.0 5.10
21, Pine 4.3 8.00 —_—
20 Pine 5.1 6.L0 Average distance Sr L
:i g:: g; g:gg 30-in. Pushbar Height
2% Pine 4.3 7.10
2k Pine 4.9 L.30 & l’ge"“ §'° ::’2‘0
2t Pine 8.0 7.00 3 - -3 £t
2 eng 2.9 6.15
28 Pine 7.0 6.00 b Hieng 7453 s
2y Pire 7.9 6.40 5 Hieng b.0 L.60
30 Pine 7.% 2.50 6 Hieng 3.1 7.60
3 Pine § s20 | 1 Hieng 2.2 515
3L PLid s 9.40 8 Hieng 2.0 6.00
3 : 1 9 Hieng L.7 6.50
3 Fine | i 500 11 meng 4.6 8.20
38 Pine 6.6 9.00 12 Hieng 6.4 7.50
ll:o Pine 3.6 2.20 13 Hieng 5.6 7.10
bL Y4 Pine 7.1 .00
149 Pine 7.9 5.70 14 Hieng 8.4 L
15 Hieng 6.h 5.30
153 Pine 2% 6.4o 4 > e 820
154 Pine 9.0 7.0 * Ll : -9
7 Hieng 6.1 3.00
Average distance 5.67 i‘g i{é:n"g Z.g E.gg
20 Hieng L.9 8.70
21 Hieng 5.0 7.00
26 Hieng 2.9 4,00
27 Hieng L.o 3.80
28 Hieng 5.1 5.00
29 Hieng 3.3 5.00
30 Hieng 2.7 7.60
31 Hieng 3.9 3.20
32 Hieng ) 7.00
33 Hier: 9.7 L.50

Average distance
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WORK REQUIRED PER TREE, LB-FT (MEASURED WITH PUSHBAR)
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WORK REQUIRED PER BAMBOO CLUMP, LB~FT

(MEASURED WITH PUSHBAR)
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AVERAGE MORIZONTAL PUSHBAR FORCE, LB

(MEASURED FROM TESTS OF TREES IN MULTIPLE ARRAY)
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WORK REQUIRED TO FAIL TREES iN MULTIPLE ARRAY, LB -FT
(MEASURED WITH PUSHBAR)
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